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The main goal of the thesis is to analyze the effects of shared mental models and shared 
temporal cognitions on team processes and effectiveness over time. The thesis includes five 
empirical studies. The findings of the study reported in chapter 2 suggest that relationship 
conflict mediates the relationship between team mental model similarity at the beginning of 
the team lifecycle and team effectiveness. Chapter 3 describes a study that reveals that team 
creativity positively mediates the relationship between shared mental models and team 
effectiveness; and that intragroup conflict and creativity sequentially mediate the relationship 
between shared mental models and team effectiveness. Chapter 4 describes a study that 
suggests that shared temporal cognitions function as a substitute of temporal leadership in 
reducing temporal conflict. Further, this study provides evidence for the mediating role of 
temporal conflict between temporal leadership and team performance, and between shared 
temporal cognitions and team performance. The findings of the study reported in chapter 5 
indicate that when accuracy is low, the more similar team members’ temporal mental models 
are, the less they engage in learning behaviors; and that team adaptation mediates the 
relationship between team learning and performance. Finally, the findings of the study 
reported in chapter 6 show that temporal and task mental models are crucial for the 
translation of team learning behaviors into performance improvement. The thesis contributes 
to the understanding of teamwork, in particular to the important role of shared mental models 
and shared temporal cognitions for managing teams in organizational contexts.  
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A presente tese pretende analisar o efeito dos modelos mentais partilhados e das cognições 
temporais partilhadas nos processos de equipa e na eficácia ao longo do tempo. A tese inclui 
cinco estudos empíricos. O estudo do capítulo 2 sugere que o conflito relacional medeia a 
relação entre a semelhança dos modelos mentais de equipa e a eficácia da equipa. O estudo 
do capítulo 3 sugere que a criatividade da equipa medeia a relação entre modelos mentais 
partilhados e eficácia; e o conflito intragrupal e a criatividade medeiam sequencialmente a 
relação entre modelos mentais partilhados e eficácia. O estudo do capítulo 4 sugere que as 
cognições temporais partilhadas funcionam como substituto da liderança temporal na redução 
do conflito temporal. Para além disso, o conflito temporal medeia a relação entre liderança 
temporal e desempenho, bem como a relação entre cognições temporais partilhadas e 
desempenho. O estudo do capítulo 5 indica que quando a precisão dos modelos mentais é 
baixa, quanto mais semelhantes são os modelos mentais temporais, menos a equipa se 
envolve em comportamentos de aprendizagem; e a adaptação da equipa medeia a relação 
entre aprendizagem e desempenho. O estudo do capítulo 6 revela que os modelos mentais 
temporais e de tarefa são fundamentais para que os comportamentos de aprendizagem se 
traduzam num aumento de desempenho ao longo do tempo. A tese contribui para a 
compreensão do trabalho em equipa, mais concretamente para a importância dos modelos 
mentais partilhados e das cognições temporais partilhadas na gestão de equipas em contextos 
organizacionais.  
 



















 Esta tese tem como principal objetivo analisar o efeito dos modelos mentais partilhados e 
das cognições temporais partilhadas em processos de equipa e na eficácia ao longo do 
tempo.  
 Tendo em conta que as organizações dependem cada vez mais das equipas para a 
realização de tarefas intelectual e cognitivamente exigentes, é fundamental que os 
membros das equipas partilhem uma estrutura cognitiva sobre os aspetos importantes da 
tarefa para que consigam resolver problemas, tomar decisões adequadas e concretizar as 
tarefas dentro do tempo limite.  
 As equipas devem desenvolver um modelo mental partilhado – uma estrutura cognitiva 
partilhada pelos membros da equipa sobre a tarefa (e.g., a estratégia da equipa), a equipa 
(e.g., as competências de cada membro da equipa), e o tempo (e.g., a distribuição do 
tempo pelas tarefas).  
 As equipas devem também desenvolver uma cognição temporal partilhada – uma 
estrutura cognitiva partilhada pelos membros da equipa sobre a utilização do tempo ao 
longo das tarefas e sobre deadlines.   
 Foram realizados cinco estudos empíricos com equipas que participaram ao longo dos 
últimos anos no Global Management Challenge® – uma competição de estratégia e 
gestão.  
 Os resultados dos estudos permitem-nos chegar a um conjunto de conclusões:  
a. Equipas que desenvolvem modelos mentais partilhados e cognições temporais 
partilhadas desde que começam a trabalhar são capazes de evitar situações de 
conflito prejudiciais para a eficácia das equipas.  
b. Equipas que desenvolvem modelos mentais partilhados são capazes de 
desenvolver ideias criativas.  
c. Para que os membros das equipas sejam capazes de ter comportamentos de 
aprendizagem (e.g., refletir sobre a forma como o trabalho tem sido realizado, 
discutir erros e procurar soluções para que estes não voltem a acontecer), têm que 
ter modelos mentais corretos quando comparados com experts na tarefa que estão 
a desenvolver.  
d. Quando os membros das equipas partilham um modelo mental de tarefa ou de 
tempo e têm comportamentos de aprendizagem têm um desempenho cada vez 
mais elevado ao longo do tempo. 
e. Quando os líderes têm comportamentos de liderança temporal (i.e., ajudam a 
estruturar e a coordenar o ritmo de trabalho das equipas para a concretização dos 
objectivos) promovem a redução do conflito temporal e o aumento do 
desempenho.  
f. Quando a liderança temporal é fraca ou inexistente, as equipas podem fazer uso 
das cognições temporais partilhadas para reduzir o conflito temporal e aumentar o 
desempenho.  
 Esta tese apresenta um número de contribuições para equipas, líderes de equipas e gestores 
de recursos humanos:  
a. Os membros das equipas e os líderes devem ter sessões de planeamento antes de 
começarem a trabalhar e reuniões periódicas para que o trabalho seja 
monitorizado ao longo do tempo.  
b. Os membros das equipas e os líderes devem receber formação sobre aspetos 
cruciais para a gestão de equipas.  
c. No processo de recrutamento e seleção deve ser tido em conta a preferência por 
trabalhar em equipa, e não individualmente, e a qualidade das estruturas 
cognitivas dos candidatos.  
d. No que respeita à avaliação de desempenho, o trabalhador deve ser avaliado pelos 
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Increasingly teams perform intellectual and cognitive tasks that cannot be executed by 
single individuals (Hinsz, Tindale, Vollrath, 1997; Salas & Fiore, 2004). Teams perform 
those complex and demanding tasks in different, and sometimes turbulent, contexts such as 
organizations, military bases, and hospitals. In order to accomplish the tasks effectively, team 
members need to use their cognitive resources and cooperate with each other to assess 
situations, choose the appropriate procedures, solve problems, and make decisions (Cooke, 
Gorman, Myers, & Duran, 2012; Salas, Fiore, & Letsky, 2012). Previous research has shown 
that it is crucial for effective coordination and team performance that team members have 
well developed cognitive structures about important aspects of the team’s work and that these 
cognitive structures are aligned among the team members. As team members need to define 
their strategy and procedures to interact with each other, to work under time pressure to meet 
tight deadlines, a shared mental model – a common understanding among team members 
about the task, team and temporal aspects of work (Klimoski & Mohammed, 1994; 
Mohammed, Hamilton, Tesler, Mancuso, & McNeese, 2015) – and a shared temporal 
cognition – a mental representation of knowledge among team members about time and 
deadlines (Gevers, Rutte, & van Eerde, 2006) –  are important to foster team effectiveness.  
Researchers have shown that shared mental models and shared temporal cognitions 
play important roles in fostering team effectiveness via functional team processes (i.e., 
processes that help team members to improve their work and interactions), such as 
coordination and communication (e.g., Marks, Zaccaro, & Mathieu, 2000; Mathieu, Heffner, 
Goodwin, Salas, & Cannon-Bowers, 2000). Other functional team processes may explain 
why shared mental models and shared temporal cognitions foster team effectiveness, such as 
team creativity and team learning. Teams need to be creative in accomplishing their tasks 
because organizational contexts are increasingly competitive. It can be argued that when 
teams share a mental model they are more likely to be creative because they coordinate their 
work, and cooperate with each other; or it can be argued that when teams share a mental 
model they are less likely to be creative because they do not discuss different points of view. 
Further, as team members increasingly need to learn from each other in order to adapt quickly 
to changing environments and maintain high levels of performance, teams may be better able 
to engage in learning behaviors when their members share a mental model. Thus far, the 
effect of shared mental models on team creativity and team learning processes is unknown.  
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While functional team processes may positively translate the effect of shared mental 
models and shared temporal cognitions on team effectiveness, dysfunctional team processes, 
such as intragroup conflict – an incompatible perception among team members regarding 
interests, ideas or values (DeChurch, Mesmer-Magnus, & Doty, 2013; Jehn & Mannix, 2001) 
– may constrain the positive effect of shared mental models and shared temporal cognitions 
on team effectiveness. As positive interpersonal relations play an important role in linking 
shared mental models and shared temporal cognitions with team effectiveness (Klimoski & 
Mohammed, 1994), team members that share a common understanding about important 
aspects of work need to experience low levels of conflict in order to achieve high levels of 
performance.  
Teams and team leaders increasingly face a number of temporal challenges in the 
organizational contexts where they operate. Teams work under time pressure to meet tight 
deadlines, manage different projects at the same time and coordinate their work with team 
members that are geographically dispersed (Ancona & Chong, 1999; O’Leary, Mortenson, & 
Woolley, 2011; Waller, Conte, Gibson, & Carpenter, 2001). Thus, it is important that team 
members share an understanding about the temporal aspects of work to temporally coordinate 
their tasks and that team leaders help team members to plan their work and manage their time 
to accomplish their tasks meeting the deadlines. Otherwise, team members may engage in 
temporal conflicts – disputes about time, deadlines, and the duration of the tasks (Standifer et 
al., 2015; Yang, 2009) – and may not achieve their goals. This means that team members 
need to have shared temporal mental models and temporal cognitions, and team leaders need 
to employ temporal leadership behaviors in order to minimize temporal conflict and promote 
team performance.  
In order to contribute to the understanding that already exist in the team cognition
1
 
literature about the effect of shared mental models and shared temporal cognitions on team 
effectiveness, this thesis focuses on the specific effects of these two cognitive constructs on 
team processes and team effectiveness. Further, this work focuses on the role of time, both as 
content and as a dynamic process, to understand the relationship of shared mental models and 
shared temporal cognitions on team effectiveness over time. In sum, in this thesis we look at 
important yet unstudied mechanisms (intragroup conflict, team creativity, and team learning) 
and boundary conditions (temporal leadership) that explain why shared mental models and 
                                                          
1
 Although we use the term team cognition more often, we use the terms team cognition and shared cognition 
interchangeably throughout this work. 
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shared temporal cognitions impact on team effectiveness. Importantly, throughout this thesis 
team cognition refers to cognitive structures and contents that are shared among team 
members, and to the cognitive processes in which team members collectively engage over the 
team lifecycle (i.e., the more stable cognitive structures that people use in their thinking), 
rather than to the active process of cognition (i.e., what people actually do in terms of 
thinking and what teams do in terms of discussing and sensemaking) (Monteil & Huguet, 
1999; Uitdewilligen, 2011).  
The contributions of this thesis are threefold. First, this work contributes to the shared 
mental models literature showing that a shared mental model established from the beginning 
of the team lifecycle helps the team members to interact with each other in an appropriated 
way without engaging in disruptive relations. Mathieu and Rapp (2009) argue that “many 
teams jump directly into task performance without taking time to address how they will 
manage their teamwork and taskwork activities” (p. 90). This thesis shows that when team 
members take time to develop a solid foundation early in the team lifecycle about the way 
they should manage their teamwork they are able to minimize intragroup conflict, to be 
creative, to engage in team learning behaviors, and in turn achieve their goals.  
Second, this thesis contributes to both the shared mental models and team processes 
literature by providing insights into the way a shared understanding about task, team, and 
temporal aspects of work are related to team processes (intragroup conflict, team creativity, 
and team learning), and team effectiveness. Wildman and colleagues (2012) noted that “very 
few studies are examining the affective, behavioral, and cognitive processes affected by team 
knowledge constructs” (p. 104). In fact, a small number of researchers have analyzed the 
effect of shared mental models and shared temporal cognitions on team processes, such as 
coordination, communication, and backup behaviors, and in turn on team effectiveness 
(Marks et al., 2000; Marks, Sabella, Burke, & Zaccaro, 2002; Mathieu et al., 2000). It is, as 
yet, unclear what role other important team processes play in translating the knowledge team 
members share into team effectiveness. This thesis provides two perspectives about the effect 
of shared mental models and shared temporal cognitions on these unexplored team process 
mechanisms. On one hand, this works shows that these cognitive constructs are beneficial for 
team functioning because team members avoid conflicting situations and have creative ideas, 
and shared mental models translate team learning behaviors into team performance 
improvement. On the other hand, this work shows that shared mental models are harmful for 
team functioning when team members share incorrect knowledge because they do not learn 
Shared mental models and shared temporal cognitions 
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from each other and do not discuss the errors they make or the problems that occur over the 
team lifecycle.  
Third, this thesis contributes to team research by integrating time, as content, in team 
constructs and relating them with shared mental models and shared temporal cognitions. As 
teams are increasingly pressured by time, it is crucial to understand how teams can 
successfully perform their tasks while they are able to temporally coordinate and overcome a 
number of temporal challenges. This work advances knowledge on temporal research by 
showing that temporal mental models are important for teams to coordinate their activities 
according to the time schedule: shared mental models and shared temporal cognitions help 
teams to minimize the level of temporal conflict and to promote team effectiveness; temporal 
leadership diminish the level of temporal conflict and facilitate team performance; and shared 
temporal cognitions substitute for temporal leadership in reducing the level of temporal 
conflict. Further, this thesis contributes to temporal research by analyzing the effect of shared 
mental models and shared temporal cognitions on team processes, and team effectiveness in 
different time moments; and by analyzing the joint effect of shared mental models and team 
learning processes on team performance over time. This thesis shows that, indeed, teams have 
distinct needs over their lifecycle and that having a shared understanding about important 
aspects of teamwork has consequences over the team lifecycle. 
This work is organized as follows: we begin by defining what we mean with teams 
and teamwork, and we will present commonly used models that explain the main mechanisms 
and factors that influence team effectiveness. Then, building on cognitive psychology, we 
will explain how individuals acquire and use knowledge, how the cognition construct was 
adopted by social and organizational researchers, and how teams build a shared 
representation of knowledge. Next, we will focus on shared mental models and shared 
temporal cognitions conceptualizing these two cognitive constructs, and explaining what it is 
known and what is not known about the influence of shared mental models and shared 
temporal cognitions on team effectiveness. We present five empirical studies in which, using 
four samples and diverse statistical analysis, we investigate the effect of shared mental 
models and shared temporal cognitions on team processes and effectiveness, as well as a 
number of boundary conditions and intervening mechanisms. Finally, we close this thesis 
with a general discussion where we discuss the theoretical and practical implications of this 
work, limitations and directions for future research.  
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TEAMS, TEAMWORK AND TEAM EFFECTIVENESS 
 
History is full of examples that show failures in teamwork that led to medical errors, 
military air crashes, and industrial disasters. The USS Vincennes incident in 1988, the Space 
Shuttle Challenger disaster in 1986, and the failures on organizational answers to Hurricane 
Katrina in 2005 are some of the examples. In those situations, errors related to 
communication, coordination, team leadership, decision-making, and incongruence in 
temporal perceptions led to terrible personal and material losses and to tragic consequences 
(Kozlowski & Ilgen, 2006; Moynihan, 2007; Salas, Stagl, Burke, & Goodwin, 2007). Over 
the years, researchers have made efforts to understand how teams can effectively work 
together, manage team interaction, and achieve their goals avoiding such disastrous 
situations.  In this chapter we provide definitions of teams and teamwork, we explain the 
commonly used team effectiveness models and frameworks, and we identify a number of 
mechanisms and contextual factors that influence team effectiveness.  
 
Teams and teamwork 
 
Over the last years, the way work is structured within organizations has changed 
dramatically. While in the past the job was mainly performed by individuals working in 
functionalized structures, nowadays tasks are executed by teams that are embedded in 
complex systems (Devine, Clayton, Phillips, Dunford, & Melner, 1999; Hackman, 2012; 
Kozlowski & Ilgen, 2006; McGrath, Arrow, & Berdahl, 2000; Salas et al., 2007). As work 
has become increasingly complex, demanding and challenging, organizations rely on teams 
to perform the work because teams are able to innovate, adapt their strategies, and improve 
their performance under time pressure, ensuring that organizations compete with others and 
survive in challenging environments (Cronin, Weingart, & Todorova, 2011; Marks, Mathieu, 
& Zaccaro, 2001; McGrath et al., 2000; Burke, Stagl, Salas, Pierce, & Kendal, 2006a; 
Kozlowski & Ilgen, 2006; Salas et al., 2007). Thus, teamwork is preferred over individual 
work when tasks are too complex for the individual’s capacity, when errors may cause 
dangerous consequences, when multiple decisions need to be made quickly, and when 
someone’s lives depend on the combined knowledge of individual members (Salas, Cooke, & 
Rosen, 2008).  
Salas, Dickinson, Converse, and Tannenbaum (1992) defined a team as a complex and 
dynamic system where two or more individuals perform relevant and interdependent tasks, 
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share common goal(s), interact socially, and maintain and manage boundaries. In a team, 
members have different knowledge and skills, and roles are distributed among them. Further, 
a team has a hierarchical structure, has a limited life span and is an emergent and adaptive 
entity (Kozlowski & Ilgen, 2006) “embedded within an organizational/environmental context 
that influences and is influenced by ongoing processes and performance outcomes” (Salas et 
al., 2007, p. 189). This means that a team is characterized by multiple, bidirectional, and 
nonlinear relations where team members know who is on the team, and who is not, and 
socially interact over time either face-to-face, or through virtual communication methods 
when team members are geographically dispersed (Hackman, 2012; Kozlowski & Bell, 
2003). Moreover, all team members depend on each other, aim to and have the responsibility 
to achieve the shared goals by working together, cooperating and interacting with each other 
to complete the inter-related tasks, at least the necessary time to accomplish the goals 
(McGrath et al., 2000; Salas et al., 1992). In teams, diversity in expertise and knowledge 
creates optimal conditions for performing tasks that could not be executed by individuals 
(Salas, Rosen, Burke, & Goodwin, 2009). Regarding the hierarchical structure, leadership 
functions may be employed by a single member, or shared by formally or informally 
designated multiple members (Carson, Tesluk, & Marrone, 2007; Pearce & Sims Jr., 2002; 
Zaccaro, Rittman, & Marks, 2001). Finally, a team is linked and embedded in a multilevel 
system composed by individuals, teams, and organizations that influence the team processes 
in which a team engages because it drives “the difficulty, complexity, and tempo of the team 
task” (Kozlowski & Ilgen, 2006, p. 80). 
Teamwork is “the means by which individual task expertise is translated, magnified, 
and synergistically combined to yield superior performance outcomes” (Salas et al., 2009, p. 
42). Teamwork comprises behaviors, cognitions, as well as knowledge, skills, and attitudes 
(KSAs) that facilitate coordination and the adaptive performance in order to lead the team to 
achieve its goals and mission (Baker, Day, & Salas, 2006; Salas et al., 2007). Researchers 
have identified, for instance, teammate characteristics, role responsibilities, team mission, 
objectives, and resources as required knowledge competencies (Cannon-Bowers, 
Tannenbaum, Salas, & Volpe, 1995); mutual performance monitoring, feedback, 
coordination, and communication as required skills (Cannon-Bowers et al., 1995; McIntyre & 
Salas, 1995); and team orientation, shared vision, collective efficacy, and mutual trust as 
required attitudinal competencies (Cannon-Bowers et al., 1995; Salas et al., 2007).  
 
 




If you ask team leaders or managers whether their team is effective or ineffective, 
they are likely to take into account whether the team achieves high levels of performance or 
not. However, besides performance there are other criteria to classify a team as effective or 
ineffective (Hackman, 1987). Sometimes, even when a team achieves high levels of 
performance, team members are not satisfied with the team experience, or do not want to 
continue to work with the same team in the future. Thus, it is important to understand 
whether the experience of working with the team over its lifecycle contribute to satisfaction 
and well-being of team members, as well as for their willingness to continue to work 
together. Those three criteria to analyze team effectiveness were proposed by Hackman 
(1987): performance, satisfaction and viability.  
Team performance is the objective criterion that indicates team level task 
accomplishment. In particular, team performance refers to the degree to which the task output 
fulfills or exceeds the quality and quantity standards of those who receive, review or use the 
output (Hackman, 1987). Team satisfaction refers to the feeling that the team work 
experience positively contributes to their overall well-being and growth (Hackman, 1987). 
Team viability was conceptualized by Hackman (1987) as a willingness to continue working 
with the same team members. Over the years, based on Hackman’ definition of team 
viability, different conceptualizations of team viability have emerged in literature. A number 
of researchers have added some components to the construct, such as, satisfaction (Resick, 
Dickson, Mitchelson, Allison, & Clark, 2010a; Sundstrom, De Meuse, & Futrell, 1990), 
participation (Resick et al., 2010a), and attachment to the team (Balkundi & Harrison, 2006). 
All those different conceptualizations of team viability have led to construct confusion, and to 
the inability to distinguish team viability from other related constructs, such as, team 
satisfaction and team cohesion (Bell & Marentette, 2011; Mathieu, DeShon, & Bergh, 
2008a). In this thesis we followed Hackman’s definition and conceptualized team viability as 
a willingness to continue working together over team episodes. This definition ensures that 
we only measure team viability, instead a mix of team viability and team satisfaction 
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Team effectiveness models and frameworks  
 
Team effectiveness is influenced by different individual, team, and organizational 
factors, as well as, by contextual factors external to teamwork’s environment (Marks et al., 
2001; Mathieu, Maynard, Rapp, & Gilson, 2008b; Salas et al., 2007). A number of models 
and frameworks have been developed over the years by team researchers in order to 
understand which factors contribute to team effectiveness, and why some teams are more 
effective than others (e.g., Gladstein, 1984; Hackman, 1987; Ilgen, Hollenbeck, Johnson, & 
Jundt, 2005; Marks et al., 2001; Mathieu et al., 2008b; Salas, Sims, & Burke, 2005; Salas et 
al., 2007). Importantly, effective teams require both taskwork and teamwork (Baker et al., 
2006; Marks et al., 2001). Taskwork refers to the interactions team members establish with 
task, equipment, and system in order to accomplish the team’s goals (Marks et al., 2001; 
Mathieu et al., 2008b). Teamwork refers to the interactions between team members that allow 
them to understand how they accomplish the team’s task with each other, and how they 
coordinate their efforts sharing knowledge about the team’s resources, goals and the work 
environment constraints (Marks et al. 2001; Mathieu et al., 2008b). In the next paragraphs we 
describe the team effectiveness models and framework that influence and are the foundations 
of this work.  
McGrath (1964) was one of the first researchers to propose a framework to study team 
effectiveness, based on the logic of input-process-output (I-P-O). In this framework, inputs 
refer to antecedent factors at individual, team, and organizational level that enable and 
constrain task performance and team members’ interaction, such as, team member 
characteristics, team leadership, material and human resources, and environmental context 
(Kozlowski & Ilgen, 2006; Mathieu et al., 2008b). Processes refer to interdependent actions 
in which team members engage, that allow task accomplishment through the combination of 
individual resources, knowledge and skills (Kozlowski & Ilgen, 2006; Mathieu et al., 2008b). 
According to the I-P-O framework, processes act as mediational factors that explain how 
team inputs are transformed into team outputs (Mathieu et al., 2000; 2008b). Outputs result 
from the teamwork and comprise performance, satisfaction, and viability (Kozlowski & 
Ilgen, 2006; Mathieu et al., 2008b).  
Over the years, researchers pointed out some weaknesses of the I-P-O framework and 
updated it in order to be appropriated for study teams defined as dynamic, complex, and 
adaptive entities (e.g., Burke et al., 2006a; Marks et al., 2001; Rosen et al., 2011; Salas et al., 
2007). This framework implies a single and linear cycle from inputs to outcomes that does 
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not consider the possibility of feedback loops, does not explain the reciprocal influences of 
inputs, processes and outcomes over time, and does not capture the complex and dynamic 
nature of teams (Ilgen et al., 2005). Furthermore, the I-P-O model postulates that the 
mediating factors that translate inputs into outputs are only team processes.  
Marks and colleagues (2001) developed a temporally based framework following the 
assumption that teams work in temporal cycles oriented to tasks goals, which they called 
episodes – “distinguishable periods of time over which performance accrues and feedback is 
available” (Marks et al., 2001, p. 359). Episodes may vary in their length, and may be divided 
in sub-episodes with restricted objectives and time limited that contribute to the larger team 
goal (Marks et al., 2001). Team performance happens in a sequence of I-P-O episodes that 
occur simultaneously and sequentially: when an episode ends, another one starts (i.e., 
outcomes from the previous episode act as an input for the next one). Importantly, Marks and 
colleagues (2001) distinguished team processes from emergent states. They noted that not all 
the variables classified as processes in the I-P-O framework by McGrath (1964) were, in fact, 
processes. Team processes refer to “members’ interdependent acts that convert inputs to 
outcomes through cognitive, verbal, and behavioral activities directed toward organizing 
taskwork to achieve collective goals” (Marks et al., 2001, p. 357). Emergent states are 
dynamic characteristics of a team that vary and evolve over time in reaction to changes to the 
team context, inputs, processes and outcomes, and that impact team performance (Marks et 
al., 2001; Mathieu et al., 2008b). Thus, whereas team processes represent team interaction or 
team actions that lead teams to achieve their outcomes, emergent states result from team 
experience, become new inputs to succeeding processes and outcomes, and do not represent 
team interaction or team actions (Marks et al., 2001). 
Based on the episodic approach and on the recurring phase model of team processes, 
the temporally based framework postulates that teams fulfill different processes at different 
times and use them simultaneously over the performance episodes and, in a cyclical way, 
depending on the task they are accomplishing, and on the phase they are (Marks et al., 2001; 
Mathieu et al., 2008b). During the episodes, teams may alternate between transition phases 
and action phases (Marks et al., 2001). In transition phases teams reflect on past performance, 
and plan the activities that guide future performance and ensure goal achievement, in action 
phases teams are focused on activities that directly contribute to goal achievement (Marks et 
al., 2001). Over these two phases teams may engage in three different types of team processes 
(Marks et al., 2001): transition, action, and interpersonal processes. Transition processes 
comprise three sub-processes (mission analysis, goal specification, strategy formulation and 
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planning) through which the teams analyze past performance, evaluate their activities, and 
plan the future direction in order to accomplish the team goal (Marks et al., 2001). Action 
processes comprise four sub-processes (monitoring progress toward goals, systems 
monitoring, team monitoring and backup, and coordination) through which teams develop 
activities that directly lead to team goal achievement (Marks et al., 2001). Interpersonal 
processes comprise three sub-processes (conflict management, motivating and confidence 
building, and affect management) through which teams manage interpersonal relationships 
(Marks et al., 2001). The transition and action processes have a “natural temporal rhythm” 
and are more likely to occur during transition or action phases (Marks et al., 2001, p. 369). 
Interpersonal processes may occur throughout transition and action phases. In short, this 
framework postulates that “processes occur over and over again during team episodes, 
influenced by inputs (including emergent states) and influencing proximal outcomes (also 
including emergent states) within action and transition phases and across tasks and time as 
teams move toward goal accomplishment” (Marks et al., 2001, p. 361).   
Later, Ilgen and colleagues (2005) developed an input-mediator-output-input (IMOI) 
model to overcome the limitations of the classic framework of McGrath (1964) that we 
mentioned above. Researchers replaced processes (“P”) by mediators (“M”) to reflect the 
broader range of mediational variables that may transmit the effect of inputs to outputs (i.e., 
team processes and emergent states). Researchers added an extra input (“I”) at the end of the 
model to reflect the cyclical causal feedback as a final output is a new input and consequently 
originates a new performance episode. This model also states that the relationship between 
variables may be nonlinear or conditional (Ilgen et al., 2005). 
Related to IMOI model, and based on updated versions of I-P-O framework, Mathieu 
and colleagues (2008b) advanced an Input-Mediator-Outcome (IMO) model. This model 
postulates that inputs comprise organizational context, team context, and members. Between 
those three components there is a multilevel influence in which the higher level factors (e.g., 
organizational structure and functioning in organizational context) influence lower level 
factors (e.g., leadership behaviors, task design, and team members’ interaction and 
communication in team and individual context), and vice-versa (Mathieu et al., 2008b). The 
mediators include both team processes, and emergent states. Finally, the outcomes include 
multiple criteria, such as, performance and customer service (Mathieu et al., 2008b). Similar 
to the IMOI model, the IMO model represents the feedback loops from outcomes to 
mediators, from outcomes to inputs, and from mediators to inputs. This model combines two 
distinct approaches: the developmental and the episodic. The developmental approach 
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reflects how teams change and how they are influenced by different factors while they mature 
over time; and the episodic approach postulates that teams engage in different processes at 
different moments of the team lifecycle (Mathieu et al., 2008b). 
This thesis is mainly based on the temporally based framework by Marks and 
colleagues (2001), as teams work in a sequential of I-P-O episodes. Although the criticism 
researchers have made to the I-P-O model, this temporal framework is more than a 
combination of I-P-O episodes as defined by McGrath (1964). The temporally based 
framework considers the developmental and the episodic approaches, which consider that 
teams change over time, are influenced by different factors, and execute different team 
processes over time and at different times (Marks et al., 2001; Mathieu et al., 2008b). This 
framework also states that both team processes and emergent states may act as mediating 
factors that translate the effects of inputs into outcomes. Furthermore, emergent states 
influence team processes, which in turn are likely to alter subsequent emergent states, and 
“this cyclical pattern continues until teams reach more distal team outcomes” (Marks et al., 
2001, p. 358). Those aspects influence the way this work was designed and conducted.  
  
Team mechanisms and contextual factors that influence team effectiveness 
 
Team effectiveness is influenced by a number of team mechanisms. In particular, 
team effectiveness is influenced by (a) action and behavioral processes and emergent states, 
(b) interpersonal, motivational and affective processes and emergent states, and (c) cognitive 
processes and emergent states (Kozlowski & Ilgen, 2006). Action and behavioral processes 
and emergent states refer to acts or team properties that contribute to task and goal 
accomplishment, such as coordination, cooperation, communication (Kozlowski & Ilgen, 
2006; Marks et al., 2001), and adaptation (Maynard, Kennedy, & Sommer, 2015). 
Interpersonal, motivational and affective processes and emergent states “capture motivational 
tendencies, relations among team members, and affective reactions” (Kozlowski & Ilgen, 
2006, p. 87) and include emergent states, such as team cohesion (Kozlowski & Chao, 2012a), 
group potency (Shea & Guzzo, 1987), team work engagement (Costa, Passos, & Bakker, 
2014), and team processes such as intragroup conflict (Jehn, 1995; Marks et al., 2001). 
Cognitive processes and emergent states refer to the shared cognitive structure and 
organization of knowledge and to the acquisition of knowledge that guide interactions among 
team members that are relevant for the task (Cannon-Bowers & Salas, 2001; Kozlowski & 
Ilgen, 2006). Shared mental models (Marks et al., 2001; Mathieu et al., 2000), transactive 
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memory system (DeChurch & Mesmer-Magnus, 2010; Lewis, 2003; Marques-Quinteiro, 
Curral, Passos, & Lewis, 2013), and shared temporal cognitions (Gevers et al., 2006) refer to 
cognitive emergent states (Kozlowski & Ilgen, 2006), while knowledge acquisition refers to a 
cognitive team process (Kozlowski & Chao, 2012b). 
This work focuses on the cognitive emergent states that contribute to team 
effectiveness, in particular on shared mental models (i.e., a shared understanding among team 
members regarding the relevant aspects of the teamwork; Klimoski & Mohammed, 1994) and 
on shared temporal cognitions (i.e., a shared understanding about the temporal aspects of the 
teamwork; Gevers et al., 2006). Throughout this work these cognitive aspects are related with 
a number of interpersonal and behavioral team processes (intragroup conflict, creativity, and 
team learning), and outcomes (team performance, satisfaction, and viability). Further, by 
focusing on the temporal aspects of team functioning and by integrating temporality in team 
constructs, the interaction role of temporal leadership and shared temporal cognitions on 
performance via temporal conflict is analyzed.   
Both shared mental models and shared temporal cognitions refer to two aspects of 
team cognition that are bottom-up emergent states (DeChurch & Mesmer-Magnus, 2010a; 
Kozlowski & Klein, 2000). They are bottom-up constructs because they are originating at the 
individual level (e.g., mental model) and emerge to a higher level to shape a collective 
phenomenon (e.g., shared mental model) (Costa et al., 2013; Kozlowski & Klein, 2000). 
They are a composition (vs. a compilation) form of emergence as the lower level 
characteristics are similar and emerge to a higher level property (team cognition) that is the 
same as its individual components (individual cognition) (Kozlowski & Chao, 2012b). Thus, 
the knowledge is shared among team members. Shared mental models and shared temporal 
cognition are emergent states because they take time to develop, may change over time in 
reaction to changes in the team context, input processes, and outcomes, and depend on how 
team members collectively interact (Cronin et al., 2011; Marks et al., 2001). 
Intragroup conflict, team creativity, and team learning refer to team processes – team 
actions and interactions that lead the team to achieve their outcomes (Marks et al., 2001). 
Intragroup conflict occurs when a number of persons within a team perceive differences 
about interests, values or resources, or perceive incompatible wishes or interests (DeChurch 
et al., 2013; Jehn & Mannix, 2001). Three different types of intragroup conflict have been 
identified and analyzed in the literature: task, relationship, and process conflict (Jehn, 1995; 
1997). Task conflict refers to disagreements among team members related to the content of 
the tasks, such as differences regarding ideas or opinions (Jehn, 1995). Relationship conflict 
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refers to disagreements based on personal and social issues that are not directly related to the 
task and that involve negative emotions and tension (De Dreu & Van Vianen, 2001; Jehn, 
1995). Process conflict concerns to disagreements related to each other responsibilities, task 
delegation, and how the task should be accomplished (Jehn, 1997). Recently, scholars added 
a fourth type of conflict – temporal conflict – which refers to intragroup disputes about time, 
the duration of a task, and the length of time the team should spend on a specific task or goal 
(Mohammed & Nadkarni, 2011; Standifer et al., 2015). In order to ensure that teams perform 
well, constructive conflict (i.e., task conflict) need to be maximized, and disruptive conflicts 
(i.e., relationship, process, and temporal conflict) need to be minimized (DeDreu & Van 
Vianen, 2001; de Wit, Greer, & Jehn, 2012; Jehn, 1995, 1997; Standifer et al., 2015). 
Creativity refers to the process of “coming up with fresh ideas for changing products, 
services, and processes so as to better achieve the organization’s goals” (Amabile, Barsade, 
Mueller, & Staw, 2005, p. 367). Team creativity is the basis of innovation, and an important 
booster to team effectiveness (Gilson et al., 2005; Mathieu et al., 2008b). Particularly, team 
creativity fosters team and organizational innovation and effectiveness (Amabile, 1988; 
DiLiello, Houghton & Dawley, 2011) when team members “are open to new ideas, 
constructively challenge one another, effectively communicate and provide feedback, 
successfully manage conflict, trust and help each other, and share a commitment to their 
work” (DiLiello et al., 2011, p. 155).  
Team learning process involves a number of behaviors in which teams engage, such 
as ask questions, discuss and reflect errors or unexpected outcomes, and experiment new 
working methods (e.g., Edmondson, 1999; Savelsbergh, van der Heijden, & Poel, 2009). 
Team learning refers to a bottom-up emergent phenomenon that originates at the individual 
level and emerges through team member interactions, as a team-level construct (Costa et al., 
2013; Kozlowski & Chao, 2012b; Kozlowski & Klein, 2000). This means that the individual 
knowledge that team members acquire is transmitted and propagated across team members 
through the processes of communication, exchange, observation, and collaboration 
(Kozlowski & Bell, 2008; Kozlowski & Chao, 2012b). Then, the outcomes of these team 
learning processes emerge as a pool of knowledge as well as explicit and implicit routines 
shared among the members of the team (Kozlowski & Bell, 2008). Team learning is a crucial 
team process for organizational teams because team members need to learn from each other, 
to improve the way they work in order to continuously adapt to the changing environments 
and maintain high levels of performance (Edmondson, Dillon, & Roloff, 2007; Rosen et al., 
2011; Savelsbergh, Gevers, van der Heijden, & Poell, 2012). 
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Although in this thesis the effect of shared mental models or shared temporal 
cognitions on team adaptation is not analyzed, the effect of team learning on team adaptation 
is. Team adaptation may be conceptualized as a performance construct, an individual 
difference construct, a change in performance, and as a process (Baard, Rench, & Kozlowski, 
2014). Throughout this work we refer and analyze team adaptation as a process that is linked 
to team performance (Burke et al., 2006a; Rosen et al., 2011). Accordingly, team adaptation, 
occurs when an individual or team recognize that a change happens in the team environment, 
understand that some response or adjustment to team processes need to be done in order to 
overcome the obstacles and effectively address the unexpected situation (Baard et al., 2014; 
Maynard et al., 2015). Team adaptation is increasingly important for teams that perform in 
complex and demanding contexts as they often need to adapt quickly and appropriately to 
recurrent changes adjusting their cognitive and behavioral processes, and evaluating and 
analyzing the situations in short periods of time (Baard et al., 2014; Burke et al., 2006a; 
Rosen et al., 2011; Uitdewilligen, Waller, & Pitariu, 2013). 
Time plays an important role in teamwork as teams work together, evolve, and face 
temporal challenges over their lifecycle (Kozlowski & Bell, 2003). Nevertheless, time has 
been a neglected issue in team research and organizational research (Kozlowski & Bell, 2003; 
Roe, 2009). Teams often need to work under tight deadlines, manage multiple projects at the 
same time, and coordinate their work with team members that are virtually and 
geographically dispersed (Ancona & Chong, 1999; Gevers et al., 2006; Hinds & Mortenson, 
2005; O’Leary et al., 2011; Waller et al., 2001). However, as researchers have not considered 
time in their studies, they cannot provide teams and team leaders with tools that help them to 
face these challenges, and to manage the activities they need to perform in the time they have 
(Roe, 2009). Over the last years, researchers have conducted research that explicitly 
incorporates temporal elements in terms of content into team (cognition) constructs 
integrating time-related aspects (e.g., Mohammed & Nadkarni, 2011; Mohammed et al., 
2015; Standifer et al., 2015). Mohammed and Nadkarni (2011) conceptualized temporal 
leadership and showed that it improves team performance. Temporal leadership emerged 
from the need to combine temporal activities and team leadership (Ancona, Goodman, 
Lawrence, & Tushman, 2001; Halbesleben, Novicevic, Harvey, & Buckley, 2003), and refers 
to the behaviors that team leaders employ to help the team to finish the (sub)tasks on time, 
and to verify whether the team members are doing what they are supposed to be doing 
(Mohammed & Nadkarni, 2011). Standifer and colleagues (2015) demonstrated that shared 
temporal cognitions improve team satisfaction by reducing temporal conflict. More recently, 
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Mohammed and colleagues (2015) operationalized temporal mental models showing that this 
mental model dimension predict team performance beyond task and team mental models. 
To summarize, teams have been the solution for accomplishing complex and dynamic 
tasks that individuals alone are not able to accomplish. Throughout the team lifecycle, team 
members engage in team processes in order to achieve the team goals successfully. Based on 
the temporal based framework (Marks et al., 2001), in this work is analyzed how cognitive 
emergent states and temporal leadership contribute to team effectiveness via a number of 
team processes. Further, the combined effect of different temporal constructs on team 
processes and performance is analyzed.  
 
FROM INDIVIDUAL COGNITION TO TEAM COGNITION 
 
At the individual level, a mental model refers to a cognitive mechanism that allows 
humans to generate descriptions of the system and predictions of future system states (Rouse 
& Morris, 1986). Understanding how cognition works at the individual level, how individuals 
process information, solve problems and make decisions could improve team researchers’ 
insights regarding the way team cognition emerges, develops and updates over time. In fact, 
researchers have called attention to the need to understand team cognition through cognitive 
processes, namely attention, detection, reasoning, and decision making, in the same way 
individual cognition is understood (Wildman et al., 2012). In this chapter we build on the 
cognitive science perspective to explain how people process information, and to distinguish 
mental models from schemas. We explain how and why social and organizational 
psychologists integrate cognitive psychology in their theories and research. Further, we 
explain how teams are able to integrate the individual mental models in a shared mental 




Cognition refers to the acquisition and use of knowledge, and involves a number of 
mental processes that allow the transformation, reduction, elaboration, storage, recovering, 
and use of sensory inputs (i.e., information) (Reed, 2000). Cognition is the main subject of 
cognitive psychology, a branch of psychology that studies these mental operations in order to 
analyze and understand “the processes by which the individual minds perceive, manipulate 
and interpret information” (Levine & Resnick, 1993, p. 586). Cognitive psychologists are 
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interested in understanding, for instance, how people solve problems and make decisions. 
More recently, cognitive psychology has influenced the study of teams, and a number of 
cognitive psychology’s constructs have been used to understand how teams can improve team 
performance (Salas et al., 2012). Cognitive psychology theories and research paradigms have 
had a relevant impact on a wide variety of areas, such as, applied cognitive psychology and 
social cognition (Monteil & Huguet, 1999; Reed, 2000). Applied cognitive psychology refers 
to the use of methods and theories from cognitive psychology to understand how cognitive 
phenomena occur in human life, and to solve practical problems in different areas, such as, 
education, business, medicine, and industry (Hoffman & Deffenbacher, 1992). Social 
cognition concerns to the social processes of encoding, storage, retrieval and manipulation of 
information used to generate a group-level product (Fiore & Salas, 2004; Klimoski & 
Mohammed, 1994; Monteil & Huguet, 1999).  
 
Representation of knowledge in memory: mental models and schemas  
 
Cognitive science aims to understand the representation of knowledge in memory, as 
well as the structural and processing aspects of knowledge (Rumelhart & Ortony, 1977). This 
knowledge may be used by researchers from different areas, for instance, artificial 
intelligence, cognitive psychology, and human factors, to improve the way people work 
(Brewer, 2003; Rumelhart & Ortony, 1977). 
Knowledge can be represented in memory through cognitive frameworks. The most 
studied ways to represent knowledge in memory refer to mental models and schemas. Mental 
models are “the mechanisms whereby humans are able to generate descriptions of system 
purpose and form, explanations of system functioning and observed system states, and 
predictions of future system states” (Rouse & Morris, 1986, p. 351). Schemas refer to 
cognitive data structures that represent the attributes of generic concepts stored in memory 
and the relationships among those attributes (Fiske & Taylor, 1984; Rumelhart & Ortony, 
1977).   
Mental models are widely applied in the area of cognitive science, which results of the 
combination between cognitive psychology and computer science or artificial intelligence 
(Rouse & Morris, 1986). Mental models have their roots in the physical sciences, in 
particularly on the model-based approach to science (Brewer, 2003), that postulates that 
people make a mental construction of themselves based on mechanical models. Mental 
models are built by people based on their life experiences and perceptions, and they have an 
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analogical relation with the events that occur in the world (Brewer, 2003). Through mental 
models, people are able to make inferences and predictions, understand phenomena, 
experience events and decide what to do (Johnson-Laird, 1983). Consequently, mental 
models are the basis for reasoning, decision-making and behavior (Jones, Ross, Lynam, Perez 
& Leitch, 2011). Mental models can refer either to long-term knowledge, as they represent 
the model-based knowledge, or to short-term knowledge, as they represent temporary mental 
constructions based on the understanding of particular events in the world (Brewer, 2003; 
Johnson-Laird, 1983). Furthermore, mental models may represent both physical and 
conceptual entities (Johnson-Laird, 1983; Jones et al., 2011). As mental models are an 
effective mechanism to explain and understand complex performance, this construct has been 
used by researchers from different areas, such as psychology and engineering, to understand 
human cognitive functioning and human-system performance (Cannon-Bowers, Salas, & 
Converse, 1993).  
The term schema was previously used in philosophy by Immanuel Kant, in 
developmental psychology by Jean Piaget, and in cognitive science by the psychologist 
Frederic Bartlett (Brewer, 1999). Schemas play an important role in artificial intelligence 
because machines need to be provided with large amounts of knowledge in order to be 
intelligent and much of human intelligent behaviors result from the use of knowledge 
(Brewer, 1999; Rumelhart & Ortony, 1977). Schemas are related to information processing 
and are used to represent the concepts stored in memory that helps to organize and interpret 
information (Fiske & Taylor, 1984; Rumelhart & Ortony, 1977). Those concepts may refer, 
for instance, to objects, situations, and events. Schemas are important to simplify people’s 
understanding of their social world and to select, interpret, and integrate information of other 
people or situations based on general cases, because they allow people to take shortcuts in 
interpreting a large amount of information available in their environment (Cannon-Bowers et 
al., 1993; Fiske & Taylor, 1984). Through schemas people memorize and represent old 
information in memory, perceive new information, and make inferences and assimilate the 
new information with the existing knowledge (Fiske & Taylor, 1984).  
Although both schemas and mental models are cognitive structures that represent 
knowledge in memory there are differences between these concepts. These differences are 
based on three criteria: structure, flexibility, and knowledge representation (Jones et al., 
2011). First, while schemas reflect a static structure of data in memory, mental models use 
data in a dynamic way (Jones et al., 2011; Rutherford & Wilson, 2004). Second, schemas 
refer to inflexible structures of knowledge stored in long-term memory that offer predictive 
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knowledge for routine situations. In contrast, mental models are flexible knowledge 
structures that combine multiple structures of knowledge to represent a non-routine or 
unfamiliar situation (Holland, Holyoak, Nisbett, & Thagard, 1986; Jones et al., 2011). Thus, 
schemas are only stored in long-term memory, and mental models may be constructed at the 
time people store information (Brewer, 2003). Third, schemas refer to generic knowledge 
structures that reflect old generic information, whereas mental models are specific knowledge 
structures that represent new situations based on generic knowledge, such as space, time and 
causality, and that are built at the time of input (Brewer, 1987; Jones et al., 2011). In addition, 
whereas schemas are rigid knowledge structures, mental model are manipulable because 
people are able to “convert abstract logical problems into specific models and then 
manipulate the information in the models to generate conclusions” (Brewer, 2003, p. 2). This 
allows people to predict states through the mental manipulation of mental parameters, which 
lead them to create causal links and predict a number of options for a possible decision 
previous to the decision making. Thus, people are able to anticipate the possible outcomes of 
their choices (Cannon-Bowers et al., 1993).  
 
The emergence of team cognition 
 
When cognitive psychology research emerged, psychologists mainly focused their 
work on individual cognition to understand the individual knowledge structure and contents, 
and how individuals perceive, manipulate and interpret information (Levine & Resnick, 
1993; Monteil & Huguet, 1999). Over the years, the focus of cognitive psychologists has 
changed. They recognized that social factors are part of cognition, and they also recognized 
the importance of analyzing and understanding the situations in which cognition occurs, 
thereby leading them to focus on the collective cognition (Levine & Resnick, 1993).  
People do not live alone, and constantly interact with other people in different social 
environments. In each of those environments, each person has “his or her own intentions and 
interpretations of the situation, who influence one another’s knowledge, opinions, and values 
and who interact to produce shared cognitive products” (Levine & Resnick, 1993, p. 587). 
When people interact and work with each other, they engage in social processes, such as 
social interaction and communication, which influence cognitive functioning and cognitive 
outcomes (Levine & Resnick, 1993; Moscovici, 1989). Thus, cognition is not an individual 
activity; it is instead a social or collective activity (Levine & Resnick, 1993). The recognition 
of importance of collective cognition led to the emergence of team cognition – common 
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knowledge, reasoning processes, and beliefs that team members jointly construct and share 
(Resnick, 1993; Tindale, Meisenhelder, Dykema-Engblade, & Hogg, 2001).   
Team cognition has its roots in social and cognitive sciences. Social scientists played 
an important role to the development of this research area. In the beginning of the 20
th
 
century, social psychologists, sociologists, and social philosophers, such as Le Bon, 
McDougall, and Durkheim, argued that the social behaviors were guided by the “collective 
consciousness” or “group mind” (Tindale et al., 2001, p. 1), which refer to mental states of 
team members based on their individuals’ perceptions, and expectations (Klimoski & 
Mohammed, 1994; Tindale et al., 2001). However, besides the importance of shared meaning 
to understand the social behavior, the psychologists’ focus moved from the collective to the 
individual level. Later, in the end of the 20
th
 century, the interest on the collective resurged 
(Klimoski & Mohammed, 1994; Tindale et al., 2001). Theories and research from social 
psychology and sociology have contributed to the resurgence of interest at the collective level 
and to the development of team cognition research, such as the symbolic interactionist 
approach, the social comparison theory, and the theory of social impact (Tindale et al., 2001). 
In the next paragraphs we describe how those theories influence team cognition research. 
The symbolic interactionist approach had an important influence on shared social 
meanings (Thompson & Fine, 1999; Tindale et al., 2001). This approach postulates that 
collective meaning is an important component of social life, and at the same time the social 
life depends on the shared interpretations people make based on the collective meanings. 
Moscovici’s notion of social representations, which is related to the symbolic interactionist 
approach, also contributed to the development of team cognition. Moscovici argued that 
groups and teams rely on shared images to make attributions, make causal explanations, and 
build a common sense (Levine & Resnick, 1993). This common sense, or shared meaning, is 
the cognitive context in which team members communicate, coordinate their actions, and is 
the basis for people interpret and understand the events (Tindale et al., 2001). Thus, team 
members build and share cognitions based on the socially shared meanings that are developed 
and modified over time through interaction processes among social actors (Tindale et al., 
2001). 
Social comparison theory by Festinger postulates that people use the reality that 
surrounds them to capture the appropriate behaviors and opinions in order to reduce 
uncertainty, fit in the team or in the organizational context (Tindale et al., 2001). The work of 
Sherif on social norms also shows that team members use the judgments of others to modify 
their own judgments (Tindale et al., 2001). Hence, social comparison theory reveals that 
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people in the same team develop similar behaviors and a similar understanding about the 
reality, or in other words, develop shared cognitions. Latané, with his theory of social impact, 
showed that people tend to cluster in the social environments based on similarity and, 
consequently, people tend to become similar to each other (Tindale et al., 2001). Thus, 
Latané’s work showed that shared cognitions result from social interaction and they are a 
consequence of self-organizing principles that occur in the social environment. Further, 
Tajfel’s theory of social identity proposes that people categorize themselves and others in 
terms of prototypes (Tindale et al., 2001). Team members distinguish themselves and others 
based on ingroup prototype (people minimize the differences among team members from the 
same team) and outgroup prototype (people maximize the differences between team members 
from their team and from other teams). People in the same team understand what the team 
characteristics that distinguish them from other teams are, which lead to common attitudes, 
feelings and behaviors. Thus, team members develop a shared representation of team 
properties (Tindale et al., 2001).  
Team cognition was also influenced by the social decision heuristics or team 
decision-making strategies. In team decision making contexts the majority of the processes 
occur and lead to a convergence in individual member opinion after the decision, which 
revealed that team decision strategies can lead to shared opinions in teams (Kameda, Tindale, 
& Davis, 2003). This is related to the heuristic function of mental models in decision making. 
Heuristics refer to mental shortcuts people use when they face difficult and complex tasks to 
solve problems and make judgments in a quick and efficient way (Simões, 2001; Tversky & 
Kahneman, 1973). People use these cognitive shortcuts to simplify the selection and analysis 
of information without the constant need to stop to think about the next course of action, and 
not taking into account unnecessary information. Thus, heuristics reduces the cognitive 
demands and reduces the time spend in making decisions (Simões, 2001; Tversky & 
Kahneman, 1973). Heuristics and other decision biases are often used to explain individual 
decision making because “the information-processing demands of most decisions are far from 
simple and are often beyond human capacity, thus requiring individuals to simplify the 
process” (Ilgen, Major, Hollenbeck, & Sego, 1995, p. 128). As people organize knowledge 
into structured and meaningful patterns that are stored in memory, people are able to process 
information in a rapid and flexible way which causes complex cognitive functioning 
(Cannon-Bowers et al., 1993). When people recover information from memory, they can 
more easily access to related information. Thus, “mental models provide a heuristic function 
by allowing information about situations, objects, and environments to be classified and 
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retrieved in terms of their most salient and important features” (Cannon-Bowers et al., 1993, 
p. 226). 
 
Team-level information processing model  
 
Like individuals, teams process important and available information in order to 
perform cognitive and intellectual tasks. However, team information processing is different 
from individual information processing, as at the team-level information processing occurs 
within and among the minds of team members (Hinsz et al., 1997). In order to understand 
how teams collectively process information, share information and produce effective 
outcomes, Hinsz and colleagues (1997) conceptualized a team-level information processing 
model based on the individual-level information processing model (Massaro & Cowan, 
1993). Importantly, the information teams process depends on the information available in 
the contexts where they operate, and on the task they accomplish (Hinsz et al., 1997). 
The team-level information processing model by Hinsz and colleagues (1997) 
comprises eight stages and refers to “the degree to which information, ideas, or cognitive 
processes are shared, and are being shared, among the group members and how this sharing 
of information affects both individual- and group-level outcomes” (Hinsz et al., 1997, p. 53). 
A team that is able to successfully process information is more likely to effectively 
accomplish their outcomes. However, there are some factors that may affect the way teams 
process information throughout the eight phases identified by Hinsz and colleagues (1997). 
Therefore, teams that effectively process information are more likely to successfully 
accomplish their goals.  
In the first stage – processing objectives –, teams acquire and process information 
based on objectives, tasks or collective goals. The objectives that teams process represent the 
reality that team members share and, as team members may not have a common frame to 
process the objectives, team members may treat and process the information in different 
ways. Thus, the way team members treat information (in a similar or different way) affects 
the other phases of information processing, and in the long term affect team performance. 
Processing objectives may be affected by a number of team factors that can stimulate or stifle 
the subsequent stages of the information processing model. For instance, when cues are 
available in a task that needs to be shared, team members tend to distribute the resources 
equally; whereas when the cues are absent, they tend to favor themselves distributing the 
resources in an unequal way (Samuelson & Allison, 1994; Hinsz et al., 1997). In addition, 
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team members with different backgrounds and/or different demographic characteristics are 
likely to process information in different ways (Hinsz et al., 1997; Levine & Resnick, 1993). 
Finally, team members with different roles in the team may process information differently, 
and the leader may influence the information that team members process and discuss when 
he/she state his/her preferences early in a discussion (Hinsz et al., 1997; Janis, 1982)   
In the second stage – attention –, team members attend to information in order to 
process it. In this stage, team members need to face some challenges to ensure that all the 
team members focus their attention on the information that is supposed to. In fact, teams can 
be harmful for team member attention focus. As a team has different team members, each of 
them may focus their attention on the self, and/or may not attend to all the information. This 
happens because team members may distract each other from the intellectual and cognitive 
task. Team members need to overcome those distractions and be able to focus their attention 
on as much information as possible in order to take advantage from their great capacity to 
attend the information. Another challenge concerns to the distribution of information. 
Although in some teams there is no need for all team members receive the same information, 
at least two team members need to receive the same information in order to be a focus of 
attention in the team. Time pressure, for instance, may affect the way team attend 
information. When teams are under high levels of time pressure, the teams focus on the task 
accomplishment; whereas when teams are under moderated levels of time pressure, they 
focus on the quality of the outcome attending the available information carefully (Hinsz et al., 
1997). 
In the third stage – encoding – teams structure and interpret the information. This 
stage is related to the representation of the information at the team level. The mental 
representation of information at the team level happens when the different team members 
focus on the same aspects of the task information, create the same meaning to it, encode this 
information in their own mental representation, thereby combining the individual mental 
representations (i.e., the individual mental models) into a shared vision of information (i.e., a 
shared mental model). However, the integration of the individual mental representation may 
not lead to a shared mental representation. Team members may focus on different aspects of 
task information, or they may focus on the same aspects of task information but create 
different meaning to them. Thus, team members encode the information in their own mental 
model in different and incompatible ways. Consequently, team members may have different 
opinions and ideas based on the information they encoded and on their different mental 
models. Although a shared vision of the information among the team members may be 
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difficult to achieve when team members have different ideas, they need to explicitly clarify 
them within the team. This clarification may help them to share a mental model (Hinsz et al., 
1997). 
The fourth stage – storage – plays an important role in the team-level information 
processing model because team members may store a large amount of the information they 
need to perform tasks. However, team members do not store all the amount of information 
they could do because losses may occur due to the effort to remember the information at the 
team level. To overcome this obstacle, teams may develop strategies to help them to store 
important information – they may create a transactive memory system (Wegner, 1987). With 
a transactive memory system, each team member is responsible for process a specific kind of 
information becoming an expert in that information. Consequently, the team is able to store a 
large amount of information (Hinsz et al., 1997). 
In the fifth stage – retrieval – team members retrieve the required information from 
storage. The retrieval of information at the team level has a number of advantages over the 
individual retrieval of information. For instance, team members may recognize that the 
information retrieved by other team member is incorrect and they may work together to 
correct it. In addition, if the team retrieves incorrect information, a team member may notice 
that and force the team members to search for the correct information in their memory. Thus, 
team members may benefit from strategies to make the retrieval process more efficient and 
increase their storage capacity. For instance, teams may be responsible for remember specific 
information (Hinsz et al., 1997).  
Then, in the processing in the work space stage, teams integrate information based on 
rules, strategies, and procedures. Like individuals, teams may use heuristics to combine and 
integrate information, but when they need to make a decision they tend to choose risky 
alternatives. Nevertheless, teams use rules and strategies in a more reliable and consistent 
way than individuals because there is less variability in their judgments. An obstacle may 
occur in this stage that should be overcome – cognitive loafing. As team members know there 
are other people who can process the information, team members process less information in 
a less complex and extensive way, because they know that their information will be 
combined with the information from other members (Hinsz et al., 1997). 
All the stages described above influence the response stage. Team responses are 
related to individual judgment and decision making, and represent the collective intention of 
the team. Team responses depend on a number of factors, such as, the type of task, and the 
procedures to make decisions. The type of task may influence “what information is processed 
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and how the information is processed, as well as the type of response generated” (Hinsz et al., 
1997, p. 51). Different procedures may also influence the team response. For instance, 
agendas can control the way teams process information, determine the alternatives that teams 
consider and determine the sequence in which teams consider the alternatives. Decision rules 
can also affect the distribution of team members’ responses. Teams that need to reach a 
unanimous decision are more committed to a previous solution than teams that need to 
achieve a majority decision (Hinsz et al., 1997). 
The final stage – feedback – is important for team-level information processing 
because it can add new information that allows the team to change the situation, the team 
interaction and the responses. Feedback can be related to team performance, ideas, 
preferences, and behaviors, and can affect team processes and outcomes. Feedback can also 
focus on the cognitive processes used by team members, which improve individual learning 
and satisfaction.  
Over the team-level information processing model, learning is an important process 
for the development of the knowledge structures used by team members. In fact, over time 
team members learn about “what information can be shared and how sharing changes over 
time as members learn what other members know” (Hinsz et al., 1997, p. 53). In teams, 
learning plays an important role for improving performance because through the interaction 
team members learn aspects related to taskwork, such as knowledge and skills needed to 
accomplish the tasks, and to teamwork, such as interpersonal skills needed to interact with 
each other (Hinsz et al., 1997; Marks et al., 2001).  
In sum, team cognition has its roots in social and cognitive sciences. These roots are 
crucial to understand how individual team members are able to integrate their own mental 
models into a shared mental model. Thus, based on the team-level information processing 
model, a team is more likely to share a mental representation of knowledge (i.e., to share a 
mental model) when teams treat information and process the objectives in a similar way and 
have similar background; when they are able to attend a large amount of information; when 
they are able to encode similar aspects of the task information and create similar meaning to 
them; and when they are able to store as much information as possible in their minds (Hinsz 
et al., 1997). A team that accomplishes these steps is more likely to recover the information 
when it is needed, to combine and integrate information, and in turn to make decisions and 
accomplish its tasks successfully (Hinsz et al., 1997). 
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SHARED MENTAL MODELS AND SHARED TEMPORAL COGNITIONS 
 
Team cognition research has emerged over the last years. Nevertheless, although 
progress has been made in this area, there are a number of avenues to pursue. In this chapter, 
we explain what shared mental models and shared temporal cognitions are, we clarify the 
difference between these two constructs, and we distinguish these two constructs from other 
cognitive constructs (transactive memory system and team situational awareness). Further, 
we explain what it is already known about the role of shared mental models and shared 
temporal cognitions on team functioning. Finally, we describe how our work contributes to 




When we work in teams we may realize that sometimes we do not need to 
communicate all the steps we need to make, ask what we need to do after someone finish a 
task, who is doing what, or when the deadlines are. When this happens, it is likely we are part 
of a team that has a shared understanding about important aspects of the task. In other words, 
it is likely that those teams have a shared mental model and/or shared temporal cognition 
(Cannon-Bowers et al., 1993; Gevers et al., 2006; Klimoski & Mohammed, 1994). When this 
happens, it is likely we are engaging in implicit coordination, which occurs when team 
members are able to coordinate their actions without the need for explicitly communicate, are 
able to anticipate the need of team members, and to adjust the team members’ actions 
according to the task (Rico, Sánchez-Manzanares, Gil, & Gibson, 2008).  
 
Shared mental models 
 
Over the years, a number of researchers has focused on the shared mental model 
construct, leading to a proliferation of empirical studies in this area (e.g., Edwards, Day, 
Arthur, & Bell, 2006; Lim & Klein, 2006; Mathieu et al., 2000; Resick et al., 2010a, 2010b; 
Uitdewilligen et al., 2013). Empirical research has systematically shown that when teams 
develop a shared mental model, team members can anticipate the needs and actions of other 
members, and adapt their behaviors to fit closely to those of other team members and to task 
demands (e.g., Cannon-Bowers et al., 1993; Mohammed, Ferzandi, & Hamilton, 2010). Team 
members are also able to organize information and establish patterns of response needed to 
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manage the dynamics that occur in their environment, and work in a cooperative and 
coordinated way (Cannon-Bowers et al., 1993; Salas et al., 2005; Zaccaro et al., 2001). Thus, 
in order to effectively engage in team processes and accomplish the team goals, team 
members need to be “on the same page” regarding to what tasks they need to perform, with 
whom they need to interact and coordinate, and when they need to accomplish the tasks 
(Cannon-Bowers et al., 1993; Mohammed et al., 2010; Mohammed, Tesler, & Hamilton, 
2012).  
 
Shared mental models dimensions 
 
Team members may hold multiple mental models, about different domains, over the 
team lifecycle (Cannon-Bowers et al., 1993; Klimoski & Mohammed, 1994). Although 
Cannon-Bowers and colleagues (1993) have identified four content domains – equipment, 
task, team interaction, and team – Mathieu and colleagues (2000) merged those four content 
domains into two domains – task and team. These authors argued that the equipment and the 
task domains reflect the task content domain, and that the team and team interaction reflect 
the team content domain, which is consistent with the idea that teams need to perform 
activities related to the task (taskwork) and to work well together as a team (teamwork) 
(Mathieu et al., 2000). Over the years, researchers have most commonly used and measured 
task mental models and team mental models. The former refers to a similar understanding 
about how the task should be accomplished in terms of procedures and practices, as well as 
about the resources needed to accomplish the task. The later refers to a similar understanding 
about the team interaction, their responsibilities, the relation between their roles, and the 
knowledge, skills and abilities of each team member (Cannon-Bowers et al., 1993). Recently, 
scholars added the temporal mental model dimension referring to team members’ 
understanding about the sequencing of the teams’ tasks, deadlines for task accomplishment, 
and the pacing at which activities should take place (Mohammed et al., 2015). 
At specific moments in the team lifecycle teams may only need to use one type of 
mental model, or may need to use different types at the same time depending on the task they 
are accomplishing (Cannon-Bowers et al., 1993). However, the different types of mental 
models may not be developed and may not be mentally accessible at the same time. In fact, 
the development of one shared mental model dimension may influence the development of 
other shared mental model dimension (Maynard & Gilson, 2014). For instance, in some 
contexts where team members need to work on the task and make decisions from the early 
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beginning of team lifecycle and where deadlines are particularly important for team 
performance, team members may neglect the interpersonal aspects of teamwork. Therefore, 
the development of temporal and task mental models may precede and influence the 
development of team mental models. 
 
Shared mental model similarity and accuracy 
 
Shared mental models may be similar – a mental model that is similar among team 
members – and accurate – a mental model that is appropriate for the task according to experts 
in the respective area (Edwards et al., 2006). Having a similar mental model does not mean 
that the individual mental models of each team member is identical to each other. In fact, to 
maximize performance and improve team functioning, the best solution is to ensure that the 
team members do not have an exact replication of each other’s mental models. An exact 
replication or an extreme similarity among individual mental models may lead to few 
solutions, ideas, and perspectives (Salas et al., 2005; Woehr & Rentsch, 2003), and may even 
lead teams to share very cohesive thinking and to suffer from groupthink (Janis, 1972).  
Team members that have an accurate mental model have correct knowledge about the 
best way to accomplish the team task, focus on the right priorities and use appropriate 
strategies, which helps teams to coordinate their activities and to openly communicate with 
other team members (Edwards et al., 2006; Marks et al., 2000; Mathieu et al., 2000). In other 
words, when team members have an accurate mental model, the mental model is an 
appropriate representation of the task, team, and temporal aspects of the teamwork (Marks et 
al., 2000). 
 
Shared temporal cognitions 
 
Shared temporal cognitions refer to “congruent mental representations of the temporal 
aspects of a specific group task, such as the importance of meeting the deadline, (sub)task 
completion times, and the appropriate timing and pacing of task activities” (Gevers et al., 
2006, p. 54). Team members that share temporal cognitions have similar interpretations, 
preferences, and expectations about time and deadlines. As team members are able to 
interpret temporal cues in a similar way, they are able to coordinate their work and to 
accomplish tasks on time, achieve temporal synchronization, and minimize temporal conflict 
(Bartel & Milliken, 2004; Gevers et al., 2006; Standifer et al., 2015).  
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Shared mental models vs. shared temporal cognitions 
 
Both shared mental models and shared temporal cognitions refer to implicit 
coordination mechanisms that help teams to align and integrate their activities into a unified 
whole (Espinosa, Lerch, & Kraut, 2004; Ramon et al., 2008; Salas et al., 2005). This means 
that team members are able to coordinate their tasks and work without the need of directly 
communicate with each other because they interpret the information and the environment 
where they work in a similar or compatible way (Salas et al., 2009).  
Shared mental models and shared temporal cognitions are cognitive constructs that 
have similar characteristics. Both constructs refer to a shared understanding among team 
members about important aspects of teamwork. While shared mental models may be related 
to task, team, and temporal aspects, shared temporal cognitions are only related to temporal 
aspects of the work. Thus, both constructs may be focused on the temporal issues teams need 
to deal. A question emerges: What is the difference between a temporal mental model and a 
shared temporal cognition? While there is no difference in terms of conceptualization (both 
refer to a shared understanding about the sequencing of the teams’ tasks, deadlines for task 
accomplishment, and the pacing at which activities should take place; Gevers et al., 2006; 
Mohammed et al., 2015), the difference in terms of operationalization and measurement is 
substantial (DeChurch & Mesmer-Magnus, 2010; Gevers et al., 2006; Resick et al., 2010b). 
We explain in the next sections how shared mental models and shared temporal cognitions 
are operationalized and measured.   
 
Shared mental model measurement 
 
Firstly, in order to measure shared mental models, a number of key concepts, aspects, 
or short sentences that are important to the team task need to be defined based on a detailed 
task analysis of the team context under investigation (Mohammed & Hamilton, 2012). Then, 
shared mental models may be analyzed through different techniques: content (i.e., the focus 
of mental models), elicitation of content (i.e., the content or components of the mental 
model), structure representation or structural networks (i.e., the way as the content of mental 
models is cognitively organized), and representation of emergence (i.e., the representation of 
the team-mental model as a collection of individuals’ mental models) (Mohammed, 
Klimoski, & Rentsch, 2000). In order to measure the shared mental models through these 
techniques, researchers may use different metrics: structural networks, priority rankings, and 
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importance ratings (Mohammed et al., 2000; Resick et al., 2010b). Structural networks refer 
to the network of relationships among key aspects of the team work associated with the 
achievement of the team goal. Individual team members evaluate the relatedness between 
those key aspects. Priority rankings refer to the importance rankings among key aspects or 
decisions related to the team goal accomplishment. Individual team members evaluate those 
aspects, ranking them from the highest to the lowest priority for the team goal 
accomplishment. Finally, importance ratings refer to the importance of key aspects related to 
the accomplishment of the team goal. Individual team members evaluate the importance of 
each key aspect without considering other key aspects for the team goal accomplishment 
(Mohammed et al., 2000; Resick et al., 2010b). As throughout this work shared mental 
models are mainly measured with structural networks using pairwise ratings – the most 
generally and considered most valid metric in mental models research (Resick et al., 2010b) – 
in the next paragraph we explain how the structure of shared mental models is analyzed. 
To analyze the structure of shared mental models, calculating their similarity and 
accuracy, a number of network-analysis programs may be used, such as Pathfinder or 
UCINET (e.g., Lim & Klein, 2006; Mathieu et al., 2000; Resick et al., 2010b). In this work 
UCINET is used. This program provides a similarity measure based on Pearson’s correlations 
(Borgatti, Everett, & Freeman, 2002). In order to calculate shared mental model similarity, a 
matrix for each team containing the individuals’ matrices needs to be done (i.e., the 
individuals’ evaluation of the pairs of sentences; see Figure 1.1). For instance, for a team of 
three elements, a team-level matrix containing the three individual matrices needs to be done 
(see Figure 1.1). When different domains of shared mental models are evaluated, different 
team-level matrices need to be done (i.e., one matrix for each dimension). Further, when 
shared mental models are evaluated more than one time a matrix needs to be done for each 
time moment (or more than one for each time, depending on how many dimensions are 
evaluated). After the construction of the matrices, UCINET calculates the similarity among 
the pairs of sentences of all team members, for each team-level matrix. This similarity index 
ranged from −1 (complete disagreement) to 1 (complete agreement/sharedness). The 
similarity values are also displayed in a matrix. The mental model similarity index of each 
team is then calculated based on the average of the similarity values. For the matrix displayed 
in Figure 1.1, the mental model similarity index is 0.84 (i.e., the average between 1; 0.756; 
0.756).  











Figure 1.1. Individual-level and team-level matrices. 
On the left hand-side are presented the individual matrices for a team composed by 
three elements. On the right hand-side is presented the team level matrix calculated based on 
the three individual matrices, displayed by UCINET.  
 
In order to calculate shared mental model accuracy, a number of expert-members need 
to answer the mental models items. Experts could for instance be people that have previously 
shown high performance on the task or they could be the designers of the task. Shared mental 
model accuracy can be calculated in a similar way as shared mental model similarity. When 
accuracy is calculated following this procedure, researchers need to include an individual 
matrix that contains the average of the individual mental model accuracy scores. Then, 
accuracy is calculated as the structural similarity between the team members’ mental models 
and those of the experts. An alternative way to calculate shared mental model accuracy may 
be obtained by calculating the absolute difference between each team member’s response and 
the average response value obtained by the experts for each item (Webber et al., 2000). To 
calculate the levels of mental model accuracy for each team, the individual team member 
mental model accuracy scores are averaged. The mental model accuracy index ranges from 0 
(completely accurate mental models) to 6 (completely inaccurate mental models). In this 
work, we followed the second procedure for calculating shared mental model accuracy. 
Besides the procedures described above, shared mental models may be assessed 
through a perceptual approach, in which team members are asked to indicate how similar 
they perceive the cognitive structures of the team members to be. Johnson and colleagues 
(2007) developed a measure of 42 items to assess shared mental models in which participants 
rate the extent to which they agree with each sentence. Sharedness of mental models is 
calculated through the average (i.e., the average rating for each item, computed for each 
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team) and the standard deviation of the average score which represents “how closely aligned 
each team member is on any particular item” (Johnson et al., 2007, p. 448).  
In sum, different techniques and metrics can be used to measure shared mental 
models. A number of researchers have suggested that a perceptual approach to measure 
cognition can be valuable as structural network (Rentsch & Mot, 2012; Van den Bossche, 
Gijselaers, Segers, & Kirschner, 2006). Nevertheless, structural network analysis – although 
complex and time consuming for participants and researchers – is the only way to capture the 
organizational structure of knowledge.  
 
Shared temporal cognitions measurement 
 
Shared temporal cognitions are evaluated through a four-item scale developed by 
Gevers and colleagues (2006): (1) In my team/group, we have the same opinions about 
meeting deadlines; (2) In my team/group, we have similar thoughts about the best way to use 
our time; (3) In my team/group, we agree on how to allocate the time available; and (4) In my 
team/group, we have similar ideas about the time it takes to perform certain tasks. As the 
items are not developed for each context based on a detailed task analysis of the team 
context, the scale can be used in different contexts more easily than a shared mental model 
measure. However, with the shared temporal cognition measure it is not possible to capture 
the structure of the shared knowledge about the temporal aspects of work. 
Different techniques may be used to operationalize shared temporal cognitions. One 
of the techniques consists on the aggregation of the individual scores on shared temporal 
cognitions scale to the team level (Costa et al., 2013; Gevers, van Eerde, & Rutte, 2009). The 
individual scores are aggregated to the team level based on the rwg (j) values, an estimate of 
within-group agreement designed for multiple-item scale (James, Demaree, & Wolf, 1993). 
The widely-applied cut-off criterion for a good estimate of rwg(j) refers to a mean value equal 
or above .70 (James et al., 1993). A different technique, based on a dispersion model (Chan, 
1988), consists on the calculation of the coefficient of variation (i.e., the ration of the shared 
temporal cognition standard deviation to the shared temporal cognition mean; Standifer et al., 
2015).  
The measurement and operationalization of shared temporal cognition is simpler than 
that of shared mental models both for participants and for researchers. Nevertheless, the 
information acquired with these two measures is different. With shared temporal cognitions, 
it is possible to understand whether a team agrees about the best way to use its time, or to 
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allocate the time available, and whether a team has a strong or weak shared temporal 
cognition. However, it is not possible to understand the cognitive organization of the 
temporal knowledge team members have – that is possible with shared mental models 
measures. So, both shared mental models and shared temporal cognition measures are 
valuable and important, but the knowledge acquired through them is different.  
 
The distinction between shared mental models, shared temporal cognition, and 
transactive memory systems and team situational awareness 
 
Imagine a medical team that is performing a surgery to the heart and legs of a patient. 
The surgical team is composed by a cardiac surgeon, an orthopedic surgeon, an anesthetist 
and nurses. All the team members know the final goal of the surgery – save the patient’s life 
fixing his heart and legs. All the team members have a shared understanding about what 
needs to be done, what are the necessary equipment and procedures to operate the patient and 
save his life. They also have a shared understanding about who does what as they understand 
their role in the task and the role of other surgeons and nurses, as well as who needs specific 
type of information. For instance, the cardiac surgeon knows that she needs to say to the 
orthopedic surgeon when her job is done in order to the surgery proceeds to the patient’s legs. 
Further, all the medical team members have a shared understanding about when they need to 
do a procedure, and when is not safe to do it. They also know the sequence of the tasks that 
need to be done in order to perform the surgery successfully. This means that the two 
surgeons, and the nurses, know who operate in the first, and second place. Besides the 
knowledge shared by the medical team members, they also have specialized knowledge. The 
cardiac surgeon has skills and abilities related to her specialty, that no one in the team has, 
that allow her to operate the patient heart. The orthopedic surgeon also has specific 
knowledge and abilities related to his specialty that allow him to operate the patient legs. 
Finally, based on the shared mental models that team members have, the surgeons may build 
a collective understanding about specific information from the patient they are operating. 
During the surgery something unexpected may occur, for instance, other organs may be 
affected by a procedure made by one of the surgeons. Thus, the medical team may build a 
shared understanding at the moment of the surgery perceiving what organ was affected, 
integrating that information into the surgery procedures that need to be done, and anticipating 
what will happen because of that unexpected event.  
The medical team described above has a shared mental model about the task (what 
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needs to be done), the team (who needs what), and the temporal aspects of the work (when 
the tasks need to be done). In addition, this medical team has a transactive memory system 
(Lewis, 2003; Wegner, 1987) (they know who knows what), and team situation awareness 
(an in the moment understanding of the most important elements of the task and their relation 
to the team goals) (Endsley, 1995). This means that this team has different forms of team 
cognition that play a different and complementary role in the task accomplishment. 
Transactive memory system refers to a cognitive structure that combines the 
knowledge possessed by each individual team member with a collective awareness of who 
knows what (Lewis, 2003; Wegner, 1987). This means that each of one team members is 
responsible for possessing a specific kind of knowledge and consequently the team is able to 
possess a large amount of knowledge. While shared mental models and shared temporal 
cognitions are related to different knowledge (task, team, and temporal), transactive memory 
system is related to team knowledge as it a “team-level mental representation concerning the 
structure of expertise among the team members or within the team as whole” (Wildman et al., 
2012, p. 93).  
Like shared mental models and shared temporal cognition, a transactive memory 
system is an emergent state (Marks et al., 2001). Whereas shared mental models and shared 
temporal cognition refer to knowledge that is shared by all team members, a transactive 
memory system refers to knowledge that is distributed across team members. Thus, while 
shared mental models and shared temporal cognition are composition forms of emergence, 
transactive memory system is a compilation form of emergence because it comprises a 
combination of related but distinct lower-level properties that emerge to a higher-level 
property that is equivalent with its lower level contributions (Kozlowski & Klein, 2000; 
Kozlowski & Chao, 2012b).  
Team situation awareness refers to “the team’s collective understanding, constructed 
from the team members’ mental models but also incorporating specific information from the 
current situation” (Uitdewilligen, 2011, p. 174). Team situation awareness is influenced by 
the knowledge the team already has and emerges over time while teams are performing in a 
complex and dynamic situation (Cooke, Kiekel, & Helm, 2001; Uitdewilligen, 2011). Teams 
recognize cues about the task, team, process, and goals that signal non-routine situations, and 
incorporate those cues in their shared mental model (Uitdewilligen, 2011; Wildman et al., 
2012). Like shared mental models, shared temporal cognitions, and transactive memory 
systems, team situation awareness is an emergent state (Marks et al., 2001). Nevertheless, 
whereas shared mental models, shared temporal cognitions, and transactive memory systems 
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are static mental representations of information over some period of time, team situation 
awareness is a mental representation of information that is dynamic because it changes or 
evolve constantly and in a rapid way (Wildman et al., 2012). 
 
Explored mechanisms between the effect of shared mental models and shared temporal 
cognitions on team effectiveness  
 
Shared mental models and shared temporal cognitions work as a cognitive model that 
helps team members to understand how a task should be performed, how they should work 
together, and when the tasks should be accomplished. Therefore, those cognitive constructs 
play an important role in structuring team processes (e.g., communication, coordination, 
backup behaviours; Mathieu et al., 2000) and team effectiveness (e.g., Burtscher, Kolbe, 
Wacker, & Manser, 2011; Edwards et al., 2006; Uitdewilligen et al., 2013). 
A number of researchers have analyzed the effect of shared mental models on team 
processes, and on team performance. For instance, Mathieu and colleagues (2000) found that 
team mental models benefit team performance and that this relationship is mediated by team 
processes (strategy formation and coordination, cooperation, and communication). Task-
mental models benefit team processes, and in turn performance, although they do not have a 
direct effect on performance. Later, Mathieu, Rapp, Maynard, and Mangos (2010) found that 
collective efficacy mediates the relationship between task mental models and team 
effectiveness. Marks and colleagues (2000) also showed the positive effects of shared mental 
models on team processes and performance. In particular, they found that task mental model 
similarity, but not accuracy, positively influences communication processes, and that 
communication processes mediate the relationship of task mental model similarity and 
accuracy on team performance. Their findings also suggest that the stronger the relationship 
between task mental model similarity and team communication, the less accurate team mental 
models are. Further, the more accurate the mental models, the weaker the relationship 
between mental model similarity and performance is. Later, Marks and colleagues (2002) 
found that shared mental models improve team performance through coordination and 
backup processes.  
Regarding the effect of shared mental models on team effectiveness, findings have 
shown that task mental model similarity and accuracy predict team performance (Edwards et 
al., 2006; Lim & Klein, 2006), and that task mental model accuracy (but not similarity) 
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mediates the relationship between team ability and performance (Edwards et al., 2006). 
Burtscher and colleagues (2011) although failed to show a direct effect of task mental model 
similarity and accuracy on team performance, showed a positive interaction effect between 
similarity and accuracy on performance. In particular, they found that when accuracy is low, 
similarity is not related to performance, and when accuracy is high, similarity is positively 
related to performance. Uitdewilligen and colleagues (2013) showed that task mental model 
updating (i.e., “changing mental models in line with changes in the task situation”, p. 129) is 
positively related to postchange team performance, and that the development of novel team 
interaction patterns after a structural change mediate the relationship between task mental 
model updating and postchange team performance. Guchait’s (2016) findings suggest that 
shared mental models influence team engagement and in turn foster team performance and 
team satisfaction. Further, empirical findings show that shared mental models are positively 
correlated to client satisfaction and team viability (Rentsch & Klimoski, 2001), and that 
whereas task mental model similarity is positively related to team viability, task mental 
model accuracy is not (Resick et al., 2010a).  
Research on shared temporal cognitions is more scarce than research on shared mental 
models. Empirical studies have mainly showed that shared temporal cognitions promote 
meeting deadlines (Gevers et al., 2006, 2009) and foster team satisfaction (Gevers & Petters, 
2009; Standifer et al., 2015). Gevers and colleagues (2006) found that shared temporal 
cognitions facilitate meeting a deadline when teams work early on the task, long before the 
deadline. Later, Gevers and Petters (2009) found that shared temporal cognitions promote 
team member satisfaction, and Gevers and colleagues (2009) found that when shared 
temporal cognitions increase over the team lifecycle teams are more likely to meet a deadline. 
These authors also found that shared temporal cognitions lead to coordinated action (i.e., 
“where optimal working relations are established within the team and members execute 
intended actions in an integrated and timely manner”, Gevers et al., 2009, p. 303) and in turn 
lead the team to meet the deadlines. These authors also found that initial temporal planning 
promotes high levels of shared temporal cognitions at the beginning of team lifecycle (Gevers 
et al., 2009).  
Mohammed and Nadkarni (2014) conducted a study in an Indian company where they 
found that shared temporal cognitions attenuate the negative effects of polychronicity 
diversity (i.e., a preference for engaging in several tasks at the same time; Bluedorn, Kalliath, 
Strube, & Martin, 1999) on team performance. Further, they found that shared temporal 
cognitions foster team performance. Recently, Standifer and colleagues (2015) conducted a 
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multi-cultural study that showed that when teams do not have shared temporal cognitions 
they engage in temporal conflicts, thereby decreasing team satisfaction. The findings also 
showed that shared temporal cognitions foster action processes and in turn team satisfaction. 
Further, the results showed that teams that have shared temporal cognitions engage in action 
processes, and are able to diminish the level of temporal conflict which increases team 
satisfaction.  
Those studies suggest that shared mental models and shared temporal cognitions have 
a positive influence on a number of team processes and in different criteria of team 
effectiveness. However, although the recent developments in shared mental models and 
shared temporal cognition research, there are still unanswered questions. For instance, the 
effect of shared mental models on other important team processes, such as intragroup 
conflict, team creativity, and team learning, has not yet been investigated. Throughout the 
team lifecycle, teams interact with each other and they may engage in conflicting situations if 
they have different points of view about the best way to accomplish the tasks, the delegation 
of work, the time they have to perform the tasks, or even about personal issues (Jehn, 1995, 
1997; Standifer et al., 2015). Therefore, it is important to analyze whether intragroup conflict 
constrains the positive effect of shared mental models and shared temporal cognitions on 
team effectiveness. As organizational contexts where teams operate are more and more 
competitive, teams need to be creative in accomplishing their tasks. Shared mental models 
may either promote creativity because team members are able to cooperate with each other to 
develop creative ideas (Burke et al., 2006a), or may constrain creativity because team 
members do not discuss different ideas (Skilton & Dooley, 2010). Finally, teams need to 
learn from each other in order to adapt to recurrent changes in their work environment and to 
achieve their goals. Shared mental models may facilitate the engagement in team learning 
behaviors because team members are more likely to coordinate their work and communicate 
ideas that are aligned with the task demands. The effect of shared mental models on 
intragroup conflict, team creativity, and team learning deserves attention by researchers.   
In addition, team leaders may play an important role in reducing temporal conflict and 
in promoting team performance, by employing temporal leadership behaviors that help team 
members to plan their work and manage the time available to accomplish their tasks on time. 
Nevertheless, shared temporal cognitions may substitute for temporal leadership in reducing 
temporal conflict when leadership is weak or absent. When team members have a shared 
temporal cognition they may use this common knowledge to help them to regulate the team 
members behaviors related to temporal issues and to avoid conflicts. The idea that shared 
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temporal cognitions may function as a substitute of temporal leadership for reducing temporal 
conflict in teams needs to be investigated. These unanswered questions will be explored in 
the next section.  
 
Unexplored mechanisms between the effect of shared mental models and shared 
temporal cognitions on team effectiveness 
 
Imagine this situation. John is member of a project team composed of five people, 
which has as a main objective: to create a commercial for a new car. The team has one month 
left to complete the project and present the final version to the client. The team has been 
working together for four months, and the client has been pressuring the team to ensure the 
commercial will be ready on the agreed upon time. The team is likely to fail this goal. From 
the beginning, team members do not agree on how to accomplish the task, on what resources 
the team has, on how to interact with each other, and on how much time they have to 
accomplish the tasks. Consequently, team members are not able to develop creative ideas for 
the car’s commercial. In addition, team members do not discuss and reflect with each other 
on the way they have worked. Even the team leader has failed to provide temporal guidance 
coordinating the team to meet client deadlines, and urging the team to finish the (sub)tasks on 
time. Conflicts have emerged among team members, which has damaged interpersonal 
relationship, and team functioning. While the time goes by, this team has no product to 
deliver to the client, team members are unsatisfied with the way the team has been working 
and they are desperately waiting for the end of the project to leave this team.   
The example above demonstrates the consequences for the team and for the client 
when teams do not have shared mental models and shared temporal cognitions. Although 
those problems may reflect the reality of teams performing different tasks in diverse contexts, 
thus far researchers have not examined whether teams that have shared mental models and 
shared temporal cognitions are able to minimize conflict, develop creative ideas and learn 
from each other; or whether team leaders that employ temporal leadership behaviors are able 
to minimize temporal conflict and facilitate performance. In this section, we discuss these 
unexplored mechanisms and boundary conditions for the effect of shared mental models and 
shared temporal cognitions on team effectiveness.  
Empirical studies have demonstrated that shared mental models promote team 
processes and effectiveness (Marks et al., 2000; 2002; Mathieu et al., 2000; 2010; Burtscher 
et al., 2011). However, it is unknown in which moment of the team lifecycle, shared mental 
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models are more important to both team processes and effectiveness. Researchers have 
argued that team members need to establish the best strategy to accomplish the tasks, and to 
interact with each other from the beginning of the team lifecycle (Erickson & Dyer, 2004; 
Hackman, 1987; Mathieu & Rapp, 2009). A solid foundation early in the team lifecycle about 
the important aspects of teamwork may prevent teams to engage in conflicting situations and 
promote team effectiveness. However, this aspect has not been examined and deserves 
researchers’ attention.   
A small number of researchers have analyzed the effect of shared mental models and 
shared temporal cognitions on team processes, and in turn on effectiveness (Marks et al., 
2000, 2002; Mathieu et al., 2000, 2010). Most of the studies have analyzed their direct effect 
on team effectiveness (Wildman et al., 2012). In order to use shared mental models and 
shared temporal cognitions for diagnostic and intervention purposes, it is necessary to clarify 
what is expected to change when teams share an understanding about relevant aspects of 
teamwork, and why team effectiveness improves (Cannon-Bowers & Salas, 2001; Wildman 
et al., 2012). In the next paragraphs, the effects of shared mental models and shared temporal 
cognitions on team processes – team creativity, intragroup conflict, and team learning – and 
on team performance are discussed. 
The effect of shared mental models on team creativity is not directly obvious. It could 
be argued that when team members have similar knowledge structures they are less likely to 
discuss different points of view and therefore will have less creative ideas (Skilton & Dooley, 
2010). At the same time, it could be argued that shared mental models potentiate creative 
ideas because a shared understanding about important aspects of the teamwork facilitates 
effective coordination and cooperation among the team members, which are crucial for team 
creativity (Burke et al., 2006a). Nevertheless, it is unknown whether shared mental models 
inhibit creative ideas or whether they potentiate creative ideas. 
Intragroup conflict is likely to play a role in the relationship between shared mental 
models and creativity, as well as in the relationship of shared mental models and shared 
temporal cognitions on team performance. As a dysfunctional team process, intragroup 
conflict may hamper the influence of shared mental models on team effectiveness.  It is 
important that team members are able to interact with each other and work without 
experience tension, and disagreements based on personal issues (relationship conflict), task 
delegation (process conflict), and time allocation (temporal conflict) because positive 
interpersonal relations play a crucial role in linking shared mental models with effectiveness 
(Klimoski & Mohammed, 1994). It is also important that team members are able to engage in 
Shared mental models and shared temporal cognitions 
41 
discussions about tasks’ content and ideas (task conflict) because it may facilitate high 
quality team decisions and performance (Jehn, 1995; Amason, 1996). Thus far, no empirical 
study analyzed whether teams that have shared mental models are able to diminish 
relationship conflict, process conflict and temporal conflict, and improve task conflict, 
thereby promoting team effectiveness (De Dreu & Weingart, 2003; de Wit et al., 2012; Jehn, 
1995; Passos & Caetano, 2005; Standifer et al., 2015). Moreover, thus far, it was not studied 
the effect of shared mental models on intragroup conflict, and in turn on creativity. While the 
dysfunctional types of conflict may impede team members’ ability to develop creative ideas, 
task conflict may facilitate creativity because teams discuss different ideas and opinions. 
As team contexts are increasingly complex and demanding, teams need to adjust their 
shared mental models and learn from each other to be able to evaluate and analyze situations 
in order to adapt quickly and appropriately to recurrent changes that may occur (Burke et al., 
2006; Rosen et al., 2011; Uitdewilligen et al., 2013). In fact, a number of theoretical models 
have postulated that shared mental models play a crucial role in promoting team learning 
processes (Tindale, Smith, Thomas, Filkins, & Sheffey, 1996; Tindale, Stawiski, & Jacobs, 
2008). However, empirical studies that analyze the relationship of shared mental models on 
team learning (Guchait & Hamilton, 2013), and the relationship of team learning on team 
adaptation and performance are lacking. In particular, it is important understand the 
interaction effect between shared mental model similarity and accuracy on team learning 
because teams with similar and inaccurate mental models may not engage in learning 
behaviors as much as teams with similar and accurate mental models. In addition, there is a 
need to analyze the immediate effect of team learning processes on performance, and the 
continuous benefits of team learning over time. Teams that discuss the errors they make, and 
discuss and update their working methods and strategies are more likely to improve their 
performance over time. Further, shared mental models may work as boundary conditions to 
the positive effects of engaging in team learning processes, as shared mental models ensure 
that teams have a common understanding of the teamwork (Bunderson & Sutcliffe, 2003a; 
Edmondson, 2003; Fiol & Lyles, 1985). Shared mental models may constitute a critical factor 
that may determine under what conditions team learning processes may be beneficial. Thus, it 
is important analyze the moderating role of shared mental models between team learning 
processes and performance improvement. 
Over the last years, organizational contexts in which team operate have become 
increasingly competitive and teams have to face a number of temporal challenges to integrate 
and coordinate their work processes. Temporal mental models and shared temporal 
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cognitions are increasingly important as teams need to share an understanding about the time 
they have to work on the tasks and the moment in which they need to accomplish the final 
goal. Temporal mental models are particularly important to promote the team learning 
process because team members make an efficient use of the team’s time, thereby creating 
more time for the team to engage in learning behaviors. Nevertheless, the temporal dimension 
of shared mental models has been scarcely analyzed (Mohammed et al., 2015). As teams 
need to face temporal challenges, temporal conflicts may emerge among team members 
creating tension and dissatisfaction that hinder the teams to perform well. Managing the time 
available to the team and its members it is crucial in order to avoid temporal conflict 
(Mohammed & Nadkarni, 2011; Standifer et al., 2015). However, the mechanisms that team 
leaders and team members may use to avoid or minimize temporal conflict and to improve 
team performance are unknown. Two different types of mechanisms may be used to do that: 
temporal leadership (an explicit coordination mechanism) and shared temporal cognitions (an 
implicit coordination mechanism). Team leaders, by employing temporal leadership 
behaviors, may help the team to know the deadlines, prioritize tasks, and to allocate the time 
to each task. Shared temporal cognitions help team members to anticipate what other team 
members need and to synchronize and coordinate their actions. Thus, shared temporal 
cognitions may substitute temporal leadership in reducing temporal conflict and improving 
team performance. This means that when team members have an implicit way to temporally 
coordinate, they may not need an explicit way to minimize temporal conflict and improve 
team performance. The effect of both temporal leadership and shared temporal cognitions on 
temporal conflict and on performance, as well as the role of shared temporal cognitions in 




As teams increasingly perform intellectually challenging and complex tasks, team 
cognition constitutes a key-concept for understanding successful team task accomplishment.  
Shared mental models and shared temporal cognitions have some similar characteristics – 
their conceptualization – and distinct characteristics – the knowledge they capture. Both 
constructs are valuable and important to understand the role of team cognition on team 
processes and team effectiveness. This thesis contributes to fill three gaps in the team and 
team cognition literatures. First, team cognition research has not provided insights about the 
time moment in the team lifecycle in which shared mental models are most important for 
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team processes and effectiveness. A shared mental model established at the beginning of the 
team lifecycle may help teams to avoid disruptive interaction, namely relationship conflict, 
and to achieve their goals. Second, in team cognition research it is yet fully established clear 
why shared mental models and shared temporal cognitions facilitate team effectiveness. 
These cognitive constructs may facilitate team effectiveness by promoting healthy 
interactions among team members (i.e., avoiding conflict situations), creative ideas, and 
learning experiences. Third, team research has neglected the role time plays as content and as 
a dynamic process. Regarding time as content, temporal inputs (e.g., temporal mental models, 
shared temporal cognitions, and temporal leadership) may influence temporal processes (e.g., 
temporal conflict), and foster team performance. Further, shared temporal cognitions may 
substitute for temporal leadership in minimizing temporal conflict. Regarding time as a 
dynamic process, the improvement of team performance over time may be explained by team 
learning behaviors and shared mental models.  
 
AIM AND OVERVIEW OF THE THESIS 
 
Shared mental models and shared temporal cognitions play a crucial role in promoting 
team processes and effectiveness. Although the effect of those two cognitive aspects on team 
coordination, communication and cooperation has already been investigated (Marks et al., 
2000; Mathieu et al., 2000), the effect of shared mental models and shared temporal 
cognitions on other important team processes in which teams engage has not been 
investigated. Positive interpersonal relationships are vital to link shared mental models and 
shared temporal cognitions with team effectiveness. However, team members may engage in 
conflicts. Further, team members need to develop creative ideas and solutions, and to learn 
from each other to achieve their goals and survive in increasingly competitive, complex and 
demanding work environments. Shared mental models may help team members to avoid 
intragroup conflict, to foster team creativity, and to facilitate the engagement in team learning 
behaviors.  Further, in organizational contexts teams increasingly face temporal challenges in 
integrating and coordinating their work processes. Although progress has been made on 
research regarding the role of time-related aspects in teams, research that analyzes the 
temporal dimension of shared mental models (Mohammed et al., 2015), as well as, the joint 
effect of different temporal constructs on team processes and performance (Mohammed & 
Nadkarni, 2014) is scarce. In addition, researchers have not analyzed the effect of shared 
mental models and shared temporal cognitions on team processes and on team effectiveness 
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in different time moments.  
The aim of this thesis is threefold. First, we aim to investigate shared mental models 
and shared temporal cognitions as basic conditions to promote positive relations among team 
members, to promote creativity, to facilitate the engagement in team learning behaviors, and 
in turn to foster team effectiveness. Second, we aim to analyze the effect of shared mental 
models and shared temporal cognitions on a number of functional team processes (task 
conflict, team creativity, team learning) and dysfunctional team processes (relationship 
conflict, process conflict, and temporal conflict), and their effects on team effectiveness 
(team performance, team satisfaction, and team viability). Third, we aim to analyze three 
time-related constructs by relating them with both shared mental models and shared temporal 
cognitions, and team performance. In particular, we analyze temporal mental models 
(examining whether they are a pertinent dimension of shared mental models, and examining 
their effects on team processes and team performance), temporal leadership, and temporal 
conflict. Related to this last objective, we aim to analyze the effect of shared mental and 
shared temporal cognitions on team effectiveness over time in two distinct ways: 1) we 
analyze shared mental models and shared temporal cognitions, team processes and team 
effectiveness in different time moments; 2) we analyze the combined effect of shared mental 
models and team learning behaviors on team processes over time. In order to accomplish 
these objectives, five empirical studies were developed, using the setting of a five-week 
strategy and management simulation, collecting data in different years.  
Table 1.1. summarizes the research questions and presents the methodology of the 
studies reported in the chapters of this thesis.  
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 Table 1.1. Research questions and methodology of the studies reported in the thesis. 
Chapters Research questions Methodology 
Chapter 2 
 
- Does relationship conflict mediate the effect of shared mental models at the 
beginning of the team lifecycle on team effectiveness at the end of the team 
lifecycle? 
- Do shared mental models become more similar from the beginning to the middle of 
the team lifecycle? 
- Multiple mediation in SPSS 
- Repeated measures ANOVA in SPSS 
Chapter 3 - Do shared mental models stifle or promote team creativity? 
- Do intragroup conflict and team creativity mediate the effect of shared mental 
models on team effectiveness? 
- Multiple mediation analysis in SPSS 
Chapter 4 - Do temporal leadership and shared temporal cognitions reduce temporal conflict 
and facilitate team performance?  
- Do shared temporal cognitions substitute for temporal leadership in reducing 
temporal conflict? 
- Mediation analysis in Mplus 
- Moderation analysis in Mplus 
- Mediated moderation analysis in Mplus 
- Multiple group analysis in Mplus 
Chapter 5 - Do temporal mental model similarity and accuracy interact in predicting team 
learning behaviors? 
- Does team adaptation mediate the effect of team learning on team performance? 
- Moderation analysis in SPSS 
- Mediation analysis in Mplus 
Chapter 6 - Do team learning processes predict the temporal trajectory of team performance? 
- Do shared mental models similarity and team learning processes interact in 
predicting the temporal trajectory of team performance? 
- Random coefficient modelling in R 
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In Chapter 2, we
2
 analyze whether mental model similarity (task and team 
dimensions) at the beginning of a team’s lifecycle influences the level of relationship conflict 
(as a dysfunctional process) within the team, shared mental model similarity at the middle of 
the team lifecycle, and in turn team effectiveness (team performance, satisfaction, and 
viability). Further, we analyze whether shared mental models become more similar from the 
beginning to the middle of the team lifecycle. We collected data at four different time 
moments. Findings of the study support the mediating role of relationship conflict between 
team-mental models (but not task-mental models) similarity at the beginning of team 
lifecycle and team effectiveness. So, teams that have similar team-mental models experience 
less relationship conflict and achieve high levels of team effectiveness. The findings also 
support the mediating role of task-mental models (but not team-mental models) at the middle 
of the team lifecycle between task-mental models at the beginning of team lifecycle and team 
effectiveness. Further, findings suggest that shared mental models do not become more 
similar from the beginning to the middle of team lifecycle.  
In Chapter 3, we analyze the mediating mechanisms of intragroup conflict and 
creativity in the relationship between shared mental models and team effectiveness (team 
performance and satisfaction). We analyze four types of intragroup conflict: task, 
relationship, process, and temporal conflict. We collected data at three time points. Findings 
suggest that the four types of intragroup conflict mediate the relationship between shared 
mental models and satisfaction, but they do not mediate the relationship between shared 
mental models and team performance. Creativity positively mediates the relationship between 
shared mental models and team effectiveness. Further, intragroup conflict and creativity 
sequentially mediate the relationship between shared mental models and team effectiveness. 
Importantly, our findings suggest that shared mental models have a positive effect on 
creativity.  
In Chapter 4, we focus on the effects of temporal leadership and shared temporal 
cognitions on team performance via temporal conflict, and on the power of shared temporal 
cognitions to substitute for temporal leadership in reducing temporal conflict. We postulate 
that an implicit coordinating mechanism – shared temporal cognitions – may substitute an 
explicit coordinating mechanism – temporal leadership – in diminishing conflicts about 
temporal issues. Findings of the study indicate that temporal conflict mediates the 
relationship between temporal leadership and team performance, and the relationship 
                                                          
2
 I use the term “we” to designate myself and the co-authors with whom the various studies were conducted. 
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between shared temporal cognitions and team performance. Further, findings indicate that 
shared temporal cognitions function as a substitute of temporal leadership in reducing 
temporal conflict. This means that when shared temporal cognitions are high, there is no need 
for temporal leadership in order for teams to experience low levels of temporal conflict.  
In Chapter 5, we investigate the moderating effect of temporal mental model accuracy 
on the relationship between temporal mental model similarity and team learning. Further, we 
investigate the mediating mechanism of team adaptation in the relationship between team 
learning and performance. We postulate that when team members have an inaccurate 
temporal mental model, similar mental models lead them to engage less in team learning 
behaviors, leading to closed-mindedness (i.e., a phenomenon that occurs when team members 
engage in collective rationalization ignoring new information and ideas, Dijksterhuis, van 
Knippenberg, Kruglanski, & Schape, 1996; Thompson, 2004). We collected data at three 
time points. Our findings suggest that when temporal mental model accuracy is high, 
similarity is not significantly related to team learning; while when accuracy is low, the more 
similar the temporal mental model is, the less team members engage in learning behaviors. 
Therefore, shared mental models can lead to closed-mindedness when the knowledge the 
team members share is incorrect. Moreover, our findings suggest that team adaptation 
mediate the relationship between team learning and performance. 
In Chapter 6, we investigate longitudinally whether team learning processes lead to 
performance improvement, integrating a team process and a learning curve perspective on 
team learning. Further, we analyze whether the relationship between team learning processes 
and performance improvement is moderated by the similarity of team members’ task, team, 
and temporal mental models. We collected data at five time points. Our findings suggest that, 
although team learning behaviors do not have a direct effect on team performance 
improvement, temporal and task mental models are crucial for the translation of team 
learning behaviors into performance improvement. In particular, our findings indicate that 
while when teams have similar task and temporal mental models, engaging in team learning 
processes is beneficial; when teams have dissimilar task and temporal mental models, 
engaging in team learning processes is detrimental to performance improvement. Our 
findings failed to show a significant effect for the moderating role of team mental model 
similarity.  
In Chapter 7, we discuss theoretical and practical implications of the studies reported 
in this thesis. We present the limitations of the studies, and provide suggestions for future 
research. 
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SIMULATION AND DATA COLLECTION 
 
The data used in the studies reported in this thesis were collected in a strategy and 
management simulation – Global Management Challenge® – developed in 1980 by a 
Portuguese company specialized in developing business simulations. Global Management 
Challenge® is the largest strategy and management simulation in the world. At this moment 
Global Management Challenge® is present in more than 30 countries. Importantly, over the 
years this simulation has been constantly updated. Global Management Challenge® 
comprises four stages: first round, second round, national final (these first three rounds are 
run in each competing country), and international final. Data were collected in Portugal, over 
the last years, in the first round of the simulation that takes place across five consecutive 
weeks. The five weeks simulate one year and a quarter, with each week simulating three 
months. In each quarter, teams make decisions on the marketing, production, personnel, 
purchasing and finance of their fictional company. The main objective of teams in this 
simulation is to obtain the highest share price in the simulation stock exchange.  
The Global Management Challenge® participants need to apply for take part in the 
simulation and they are free to assemble their own team. Each team has a leader chosen by 
the team members when they enroll for the simulation. Before the beginning of the 
simulation, teams receive a manual that explains how the simulation works, and a 
management report about the companies they will run. Both the manual and the management 
report can be used during the simulation. Approximately one month before the beginning of 
the simulation, the teams enroll in two training sessions to be familiarized with the 
simulation. Teams are organized into groups (each group with a maximum of 8 teams). Each 
group comprises a competitive market, in which the teams had to compete with one another 
in a common business environment (the “group”) to achieve the highest share price.  
A simulator analyzes and compares the decisions made by the competing teams, and 
calculates the share price of each enterprise and the ranking of all teams after each team made 
their decision. Then each team receives feedback about their decisions through a management 
report the simulator produces showing the detailed results in financial and operational terms.  
Every year, before the beginning of the simulation, participants were informed by the 
company responsible for the simulation that a group of researchers would collect data 
through questionnaires. Participants might choose participate or not. Team members 
answered online questionnaires through a link sent to the members by e-mail at the different 
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time moments. Participants responded to the questionnaires before receiving feedback about 
their decisions. 
Diverse samples, collected in different years of the simulation, were used for the 
studies reported in this thesis, with the exception of the studies reported in Chapters 5 and 6 
in which the same sample was used. 
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This study aims to evaluate the extent to which similar team mental models (TMMs) at the 
beginning of a team’s lifecycle influence the level of relationship conflict within the team, 
TMM-similarity at the middle of the team lifecycle, and in turn team effectiveness. Thus far, 
no research has analysed the mediating role of a dysfunctional team process between TMM-
similarity and effectiveness. The study was conducted in a strategy and management 
competition involving 414 individuals who comprised 92 teams (3-5 members). We collected 
data at four moments in time. The questionnaires were developed based on validated scales 
and adapted for the specific context. Our results provide support for the mediating role of 
conflict between the similarity of team-TMMs at the beginning of team lifecycle and 
effectiveness. Our results also provide support for the mediating role of task-TMMs in the 
middle of team lifecycle between task-TMMs at the beginning of team lifecycle and 
effectiveness. Findings suggest that teams with more similar TMMs, experience less 
relationship conflict which in turn improves effectiveness. In this study TMM-accuracy was 
not analysed. Future research should analyse the role of TMM similarity and accuracy. 
Further, future research should explore the optimal level of TMM-similarity and when the 
similarity of TMM is disruptive to teams. This paper sheds light on the role of conflict as a 
dysfunctional team process between TMM-similarity and effectiveness. Moreover, this paper 
shows that more research on TMM evolution is needed. 
 
 





Many authors have tried to identify the key-aspects that distinguish effective from 
ineffective teams (e.g., Hackman, 1987; Kozlowski & Ilgen, 2006). Interest in team 
cognition, particularly in team mental models (TMMs), began to emerge at theoretical and 
practical levels at the end of the 20th century (Klimoski & Mohammed, 1994). The mental 
model construct refers to cognitive representations of knowledge that individuals form 
regarding the way they interact with their environment (Mathieu et al., 2000; Resick et al., 
2010b). TMMs refer to an organized understanding and a mental representation of the 
knowledge team members share concerning relevant task and team aspects and the 
environment in which they operate (Klimoski & Mohammed, 1994). The notion of the TMM 
refers to the similarity among the mental models of the individual team members (Edwards et 
al., 2006). The results of initial investigations demonstrated the relevance of TMMs for team 
effectiveness (e.g., Cannon-Bowers et al., 1993; Orasanu & Salas, 1993), thus leading to a 
proliferation of empirical studies in this area.  
Despite the recent developments in team cognition, and more specifically in TMM 
literature, there are still many unanswered questions. Several authors concluded that the 
influence of TMMs on team outcomes is mediated by team processes, namely 
communication (Marks et al., 2000), coordination (Minionis, Zaccaro, & Perez, 1995), and 
backup behaviours (Marks et al., 2002). Thus far, researchers have only analysed the 
mediating mechanism of functional team processes, such as communication, coordination, 
and cooperation, which help team members to improve their work and the interaction among 
members. However, apart from functional processes, dysfunctional processes may occur 
during team lifecycle, such as team conflict. As an emergent state, TMM takes time to 
develop and can change over time, depending on how members collectively interact (Cronin 
et al., 2011). The existence of dysfunctional team processes, for instance relationship conflict, 
during team task episodes may constrain both TMM evolution and its impact on team 
effectiveness (De Dreu & Weingart, 2003; de Wit et al., 2012; Jehn, 1995). Empirical 
research has systematically demonstrated that relationship conflict has detrimental effects on 
team satisfaction and performance (e.g., De Dreu & Weingart, 2003; de Wit et al., 2012; Lau 
& Cobb, 2010). However, no empirical research analysed if TMM-similarity diminishes team 
relationship conflict, and leads to high levels of effectiveness. 
Finally, TMMs are often measured only at one single point in time (Zhou & Wang, 
2010), which does not allow us to understand how TMMs evolve in on-going task 
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performance episodes (Mohammed et al., 2010; Roe, 2008). If TMMs are measured only at a 
single point in time it is not possible to know if TMMs increase or decrease from one task 
episode to another. In addition, it is not possible to know in which moment of the team 
lifecycle the TMMs are more important to team processes and effectiveness (Mitchell & 
James, 2001). Thus, it is necessary to study TMMs over time. 
To address these unexplored questions, we investigated the evolution of TMM-
similarity over two task episodes and the influence of TMM-similarity on team effectiveness. 
Further, we analysed whether relationship conflict is a mediating process between TMM-
similarity and team effectiveness. 
 
THEORETICAL BACKGROUND AND HYPOTHESES 
 
Team mental models 
 
The construct of TMM was introduced by Cannon-Bowers and Salas in 1990 as “a 
way to capture the implicit coordination frequently observed in effective teams and to further 
understand how teams operate in contexts that are complex, dynamic, and uncertain” 
(Mohammed et al., 2010, p. 1). TMM literature postulates that when team members share an 
organized understanding about key elements of the task and the functioning of the team, they 
can anticipate the needs and actions of other members, and adapt their behaviours to fit 
closely to those of the other members and to the task demands (Cannon-Bowers et al., 1993; 
DeChurch &Mesmer-Magnus, 2010). In fact, TMM works as a cognitive model that helps 
members understand how a task should be performed and how they should work together 
with the other team members.  
A number of different domains of TMMs have been introduced in the literature 
(Klimoski & Mohammed, 1994). Most commonly a distinction has been made between 
TMMs related to the task and TMMs related to the team. Task-TMMs refer to the common 
schema team members have about work objectives, team resources, and task duties. Team-
TMMs refer to mental representation concerning interpersonal interaction, and team 
members’ skills (Mohammed et al., 2010). Based on wide support for this distinction between 
the team and the task aspects of TMMs (e.g., Lim & Klein, 2006; Mathieu et al., 2000; 
Mathieu, Heffner, Goodwin, Cannon-Bowers, & Salas 2005; Mathieu et al., 2010) we also 
apply this distinction in the present study.  
Thus far, TMMs have been studied mainly at one single point in time and limited 
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attention has been given to the role of time and development in the empirical research on 
TMM (Zhou & Wang, 2010). Hence, we still know little about how TMMs evolve in on-
going team performance episodes (Roe, 2008). TMMs have generally been conceptualized as 
emergent states, which are dynamic and changeable (Ilgen et al., 2005; Mathieu et al., 2000; 
2008b). Emergent states are dynamic characteristics of a team that vary and evolve over time 
in reaction to changes to the team context, inputs, processes and outcomes, and that impact 
team performance (Ilgen et al., 2005; Marks et al., 2001; Mathieu et al., 2008b). Emergent 
states are distinct from team processes. Team processes refer to “members’ interdependent 
acts that convert inputs to outcomes through cognitive, verbal, and behavioral activities 
directed toward organizing taskwork to achieve collective goals” (Marks et al., 2001, p. 357). 
Team processes represent team interaction or team actions that lead teams to achieve their 
outcomes. In contrast, emergent states result from team experiences, become new inputs to 
succeeding processes and outcomes, and do not represent team interaction or team actions 
(Marks et al., 2001).  
Several researchers postulate that TMMs become more similar over time, because 
team members evolve, share, and acquire information, knowledge, and experience with their 
task and with each other (Levesque, Wilson, & Wholey, 2001; Mathieu et al., 2000; 
Thompson, 2004). Over the team lifecycle, team members interact with each other, which 
leads the team development. Team members become more similar, and build routines that 
help them to work and achieve high levels of effectiveness (Arrow & McGrath, 1995; 
McGrath et al., 2000). From the initial stages of the team lifecycle team members engage in 
interpersonal interactions through which they share information regarding their roles, 
capabilities, knowledge and skills (Pearsall, Ellis, & Bell, 2010). These behaviours lead to 
TMMs development which in turn leads to a deeper understanding about the roles, 
responsibilities of each other, and the patterns of behaviour and interaction among team 
members (Kozlowski & Ilgen, 2006; Pearsall et al., 2010). Over time team members share 
information and acquire knowledge that will foster the emergence of TMMs, and through 
team interaction TMMs become more and more similar (Kozlowski & Ilgen, 2006; Pearsall et 
al., 2010). Thus, we expect that TMMs will become more similar over time as team members 
share and acquire information, knowledge, and experience over the team lifecycle.  
 
Hypothesis 1 – TMMs become more similar over time. 
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Team mental models and team effectiveness 
 
In recent years, team researchers have accepted a complex view of team effectiveness, 
which considers how teams perform over time as the members continually update their work 
and way of interaction through team-task episodes (Ilgen et al., 2005; Marks et al., 2001). 
Several authors have updated the classic model of Input-Process-Output (I-P-O; McGrath, 
1964) in order to be adequate for studying teams defined as dynamic, complex, and adaptive 
entities (e.g., Burke et al., 2006; Marks et al., 2001; Rosen et al., 2011; Salas et al., 2007). 
Recent models of team effectiveness emphasize the importance of the time dimension to 
understand team functioning and effectiveness (e.g., Ilgen et al., 2005; Marks et al., 2001). 
For instance, Ilgen and colleagues (2005) proposed an input-mediator-output-input (IMOI) 
model in which a final output functions as a new input and consequently gives rise to a new 
team performance episode. Besides team processes, there are important mediational 
variables, such as emergent states, that explain the variability in team performance. This 
model also states that the causal linkages between inputs, mediators, outputs, and new inputs 
may be nonlinear or conditional (Ilgen et al., 2005). 
Empirical studies suggest that TMM-similarity impacts team effectiveness via team 
processes. Mathieu and colleagues (2000) demonstrated that TMM-similarity has a positive 
effect on communication, strategy, and cooperation, and consequently on performance. Two 
studies of Marks and colleagues showed a positive impact of TMM-similarity on 
communication (Marks et al., 2000), coordination and backup behaviours (Marks et al., 
2002), as well as on performance. Therefore, we propose that the TMM-similarity at the 
beginning of the team lifecycle plays a role on subsequent team processes and effectiveness.  
Based on work of Ericksen and Dyere (2004), Mathieu and Rapp (2009) and Wood, 
Michaelides, and Thomson (2011) we primarily focus on the role of TMM-similarity at the 
beginning of the team lifecycle. From the early stages, teams need to establish a solid 
foundation to prevent them from process losses, help them to minimize dysfunctional 
interpersonal processes (Mathieu & Rapp, 2009), and promote positive team experiences 
(Ericksen & Dyere, 2004). Furthermore, a solid foundation may generate “powerful 
assumptions within groups about how they will go about their task, work together and 
evaluate their work” (Wood et al., 2011, p. 401). And, in turn, teams are more likely to 
achieve high levels of performance (Mathieu & Rapp, 2009). Thus, we argue that TMM-
similarity at the beginning of the team lifecycle plays an important role on team processes 
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and on effectiveness.  
Based on the theoretical work of Hackman (1987) we distinguish between three main 
criteria of team effectiveness: performance, viability, and satisfaction. Performance is not 
sufficient to analyse team effectiveness. It is also important to analyse if the task performance 
episode contribute to satisfaction and well-being of team members, as well as for their 
willingness to continue work together (Hackman, 1987; McGrath, 1964). Thus, it is expected 
that teams with more similar TMMs achieve higher levels of performance (e.g., Marks et al., 
2002; Mathieu et al., 2000), are more willing to work together in the future (e.g., Resick et 
al., 2010b), and feel that the team work experience contributes to their overall well-being and 
growth (Rentsch & Klimoski, 2001).  
 
Hypothesis 2 – TMM-similarity at the beginning of the team lifecycle is positively 
related to (a) performance, (b) satisfaction, and (c) viability. 
 
While TMM-similarity at the beginning of the team lifecycle is important to minimize 
dysfunctional processes, to promote positive team experiences, and to foster team 
performance (Ericksen & Dyere, 2004; Mathieu & Rapp, 2009), we argue that TMM-
similarity in the middle of the team lifecycle is more directly related to team effectiveness. 
Gersick (1988) showed that team activities at the midpoint are particularly crucial for team 
effectiveness. At the middle of the lifecycle, teams know clearly how to use their information 
and knowledge, and they already revised their understanding about the task and team aspects 
of the work (Gersick, 1988). This means that, at the midpoint, teams start focusing on 
performing the task. Therefore, TMM-similarity at the middle of the team lifecycle is 
important for team effectiveness. At this point in time, TMMs are already developed and 
teams are more likely to have reached the highest possible level of TMM-similarity that leads 
them to achieve levels of performance. In addition, the TMM-similarity at the beginning of 
the team lifecycle is likely to lead to TMM-similarity in the middle of the team lifecycle, and 
in turn to higher levels of effectiveness. Thus, it is expected that: 
 
Hypothesis 3 – TMM-similarity in the middle of the team lifecycle mediates the 
relationship between TMM-similarity at the beginning of the team lifecycle and (a) 
performance, (b) satisfaction, and (c) viability. 
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Team mental models and relationship conflict 
 
Intragroup conflict is probably one of the most relevant challenges to team work 
effectiveness. Conflict is a team process that has often been associated with the internal 
dynamics of teams (Desivilya, Somech, & Lidgoster, 2010). As a team process, conflict 
refers to the team members’ interactions directly related to task performance and achievement 
(Mathieu et al., 2008b). Three different types of intragroup conflict have been identified in 
the literature: task, relationship, and process conflict (Jehn, 1995; 1997). In accordance with 
previous studies (e.g., De Dreu & Van Vianen, 2001; Lau & Cobb, 2010; Rau, 2005), we 
only focus on relationship conflict – disagreements based on personal and social issues that 
are not related to work (Jehn, 1995; Thompson, 2004). We focus on relationship conflict 
because previous research suggests it is the most disruptive type of conflict, and the conflict 
type that is most dysfunctional to other team processes (e.g., De Dreu & Weingart, 2003; de 
Wit et al., 2012; Mathieu et al., 2008b). 
Empirical results systematically show that relationship conflict is disruptive to 
effectiveness because it implies that members will spend time and energy focusing on 
personal antagonism, instead of task accomplishment (Simons & Peterson, 2000). This limits 
team members’ ability to share, exchange, and process relevant information, which can have 
a negative effect on team effectiveness. Moreover, the anxiety and tension produced by 
relationship conflict may reduce the team’s cognitive functioning, which in turn could lead to 
a decrease in team performance, diminished satisfaction (de Wit et al., 2012; Jehn & Mannix, 
2001), and viability (Bayazit & Mannix, 2003). Finally, Rau (2005) posited that team 
members that experience relationship conflict may neglect or distrust the information 
provided by other members. Thus, the development and sharing of a common understanding 
about relevant task and team aspects may be threatened. 
TMM literature has postulated that TMM-similarity has a positive impact on team 
effectiveness via functional processes, such as communication (Marks et al., 2000) and 
cooperation (Mathieu et al., 2000). However, during team performance episodes some 
dysfunctional processes occur, such as relationship conflict, which diminishes the interaction 
among team members as well as their ability to effectively process information (e.g., Rau, 
2005; Simons & Peterson, 2000). Positive interpersonal relations play a crucial role in linking 
TMMs with effectiveness (Klimoski & Mohammed, 1994), thus it is important that teams are 
able to interact and work without experience tension, and disagreements based on personal 
issues.  
Shared mental models and shared temporal cognitions 
 
61 
To prevent negative conflicts, it is important that team members establish and 
understand, from the beginning of task interaction, the tasks goals and procedures, as well as 
the roles and responsibilities of each other (Pazos, 2012). Only if this is the case, team 
members are focused on task accomplishment. Team members that share knowledge 
regarding relevant task and team aspects are more focused on task accomplishment and they 
discuss aspects related to the task and team interaction that really matter for effectiveness. 
Consequently, teams that have similar TMMs avoid disagreements based on personal and 
social issues, and develop the potential to reduce personal antagonism, which means that they 
experience less relationship conflict (henceforth called “conflict”). Hence, TMMs, as 
emergent states, influence conflict, as a team process, which is in accordance with the 
recurring phase model of Marks and colleagues (2001). Therefore, we expected that conflict 
serves as a mediator between TMMs and effectiveness: 
 
Hypothesis 4 – Conflict mediates the relationship between TMM-similarity at the 
beginning of the team lifecycle and (a) performance, (b) satisfaction, and (c) viability. 
 
A recent meta-analysis showed that relationship conflict negatively affects emergent 
states (as proximal team outcomes), such as, trust and cohesion – the two emergent states 
analysed, so far, in conflict literature (de Wit et al., 2012). Hence, conflict may influence 
TMMs in subsequent episodes. Team members who experience relationship conflict “are 
more likely to have different belief structures, understandings, and priorities” (Ensley, 
Pearson, & Amason, 2002, p. 370). Team members who do not trust in each other, and who 
feel tension and friction are less disposed to interact, share information, and discuss ideas 
(Ensley et al., 2002; Jehn, 1995), which is crucial to TMM development. In contrast, teams 
that do not experience tension or disagreements based on personal issues are more likely to 
spend their time and energy exchanging information, discussing about the task and team 
aspects of work (Simons & Peterson, 2000). Given that communication and interaction are 
needed for teams maintain and improve a shared understanding of the task (e.g., Cannon-
Bowers et al., 1993; Gurtner, Tschan, Semmer, & Nägele, 2007; Stout, Cannon-Bowers, 
Salas, & Milanovich, 1999), conflict is likely to mediate the relationship between TMM-
similarity at the beginning and TMM-similarity at the middle of the lifecycle.   
Marks and colleagues (2001) state that emergent states influence team processes, 
which in turn are likely to alter subsequent emergent states. They add that “this cyclical 
pattern continues until teams reach more distal team outcomes” (Marks et al., 2001, p. 358). 
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Therefore, we assume that TMMs at the beginning of team lifecycle influence conflict, which 
in turn influence TMMs at the middle of lifecycle, and finally influence team effectiveness. 
Although we do expect a relationship between TMMs at the beginning of the team lifecycle, 
conflict, and effectiveness; and a relationship between TMMs at the beginning of the team 
lifecycle, TMMs in the middle of team lifecycle, and effectiveness; we also expect a 
relationship between TMMs at the beginning of the team lifecycle, conflict, TMMs in the 
middle of team lifecycle and effectiveness. In short, we expect a jointly mediating role of a 
team process and an emergent state: 
 
Hypothesis 5 – Both conflict and TMM-similarity in the middle of team lifecycle 
partially and sequentially mediate the relationship between TMM-similarity at the beginning 
of team lifecycle and (a) performance, (b) satisfaction, and (c) viability. 
 
The research model is represented in Figure 2.1. 
 
 
Figure 2.1. Hypothesized main and mediating relationships in this study 





A total of 92 teams (414 individuals) participated in this study. Given the relatively 
large sample size, compared to other TMM studies (e.g., Lim & Klein, 2006; Marks et al., 
2002; Mathieu et al., 2005), we may test our model with a certain amount of confidence. All 
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teams were enrolled in a strategy and management simulation for a 5-week period. The teams 
were composed of university students (45.7%), company managers (40.2%), or both (14.1%). 
The teams consisted of three to five persons with an average team size of 4.64 persons (s.d. = 
0.67). The average age of the members was 28 years (s.d. = 8.45) and 67.6 percent of the 




Data were collected from the participants of the Global Management Challenge
®
 
developed by a company that specializes in developing business simulations 
(http://www.worldgmc.com). The Global Management Challenge
®
 consists of a management 
simulation in which each team runs a fictitious Company, with the objective of getting the 
highest company share price on the simulated Stock exchange. The simulation has been 
running for more than thirty years, and many top companies encourage their employees to 
take part in it. The participants choose their own teammates for the simulation.  
Teams were organized into groups (each group with a maximum of 8 teams). Each 
group comprised a competitive Market, in which the teams had to compete with one another 
in a common business environment (the “group”) to achieve the highest share price. The 
simulation takes five weeks, and each week simulates one quarter of year. Teams managed 
the company by making decisions about marketing, production, personnel, purchasing, and 
finance subjects. During the competition, teams received feedback about their decisions. A 
simulator analysed and compared the decisions made by the various competing teams, and 
calculated the share price of each enterprise and the ranking of all teams after each team 
made their decision. Then, the simulator produced a management report for each team, 
showing the detailed results in financial terms.  
Team members answered four different on-line questionnaires. The link to the 
questionnaires was sent to the members by e-mail at different times of the simulation, and 




TMMs. TMMs operationalization was based on content and similarity ratings. We used the 
procedure that is used most generally and considered most valid in TMM research (DeChurch 
& Mesmer-Magnus, 2010; Resick et al., 2010b). Consistent with Lim and Klein (2006) we 
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asked participants to evaluate the relatedness of sentences, rather than concepts. The 
sentences describe team procedures, behaviours, and tasks related to each dimension. 
We distinguished the two content domains of TMMs: task and team. To 
operationalize the task-TMMs we adapted three items of the scale developed to assess the 
Marks and colleagues (2001) taxonomy of team processes (LePine, Piccolo, Jackson, 
Mathieu, & Saul, 2008). For team-TMMs, we used three items of the Lim and Klein (2006) 
scale. Following Lim and Klein (2006), we also included the sentence “My team is extremely 
effective” for each dimension, in order to analyse the team members’ understanding of the 
relationship between TMMs and effectiveness. We asked each team member to rate the 
relatedness of the 12 pairs of statements on a 7-point scale (1 = the sentences are not related 
and 7 = the sentences are extremely related). A list of pairs of sentences is provided in 
Appendix A. 
We selected the three items of the taxonomy of team processes (Marks et al., 2001) 
that most closely fit with the task performance and the three items of Lim and Klein (2006) 
scale that better fit with team interaction. The six pairs of sentences for each dimension were 
discussed and constructed on the basis of recommendations of the company managers who 
develop the simulation. We assessed TMMs through the taxonomy of team processes of 
Marks and colleagues (2001), which was developed based on their model of team 
performance episodes, because it is directly related to the Global Management Challenge
®
. In 
this simulation teams need to perform several tasks over five temporal cycles. Therefore, 
team performance happens in a sequence of I-P-O episodes that occur sequentially. A meta-
analysis showed that this taxonomy of team processes is positively associated with team 
effectiveness (LePine et al., 2008). And since conflict refers to a team process (Mathieu et al., 
2008b), and conflict management is one of the dimensions of the taxonomy (Marks et al., 
2001), we assume that the taxonomy is related to team conflict. 
To evaluate TMM similarity we used UCINET (Borgatti, Everett, & Freeman, 1992), 
following the procedure developed by Mathieu and colleagues (2000). This network-analysis 
program provides a similarity measure based on Pearson's correlations. As each member 
evaluated six pairs of sentences for each TMMs dimension, the first step was to make team-
matrices for each dimension at each moment of data collection. Next, we used UCINET to 
calculate the team similarity index for each matrix, which ranged from −1 (complete 
disagreement) to 1 (complete agreement/sharedness). Similarity values were also displayed in 
a matrix. The TMM similarity for each dimension of each team was then calculated based on 
the average of the similarity index for each dimension. TMMs were measured at time 1 and 3. 




Relationship conflict. Conflict was measured with four items of Jehn’s Intragroup Conflict 
Scale (1995). On a 7-point scale (1 = never, 7 = always), the participants indicated how often 
each behaviour occurred in their team (e.g., “How often is there friction among members in 
your team”). Conflict was measured in time 2. Exploratory factor analysis revealed only one 
factor with 77.47% of variance explained. The four-item scale showed high reliability ( = 
.90), which is consistent with previous studies (e.g., Jehn, 1995; Jehn & Mannix, 2001).  
 
Performance. Performance was operationalized through the share price at the end of the 
simulation. Share price was given in Euros and was automatically calculated by the 
simulation. The simulation also automatically calculated the team position in their group 
ranging from first to eighth. We operationalized performance by recoding the share price on 1 
to 8 points-scale through the percentile values – we asked for the cut points for eight equal 
groups. We created a new variable based on the values of the eight groups, which was used in 
mediation analyses. The lowest share prices correspond to lower values and the highest share 
prices correspond to higher values. Our performance measure was discussed and constructed 




Satisfaction. One item from the Job Satisfaction Scale (Spector, 1997) was used to measure 
satisfaction. On a 7-point scale (1 = very dissatisfied, 7 = very satisfied), the participants 
indicated how much they were satisfied with all the aspects of their participation in the team. 
Satisfaction was measured at time 5.  
 
Team viability. Three items from the study by Bayazit and Mannix (2003) were used. On a 7-
point scale (1 = totally disagree, 7 = totally agree), the participants rated the extent to which 
they agree with each sentence (e.g., “This team could work well together for future 
projects”). Viability was measured in time 5. Exploratory factor analysis revealed only one 
factor with 83.98% of variance explained. The three-item scale showed high reliability ( = 
.90) which is consistent with the study by Bayazit and Mannix (2003). 
 
Control variables. We included team size and team composition as control variables in our 
analyses (van Knippenberg & Schippers, 2007). Team size was controlled for its potential to 
impact a team’s ability to establish and build upon TMMs, and for its potential to impact on 
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more conflict situations. Team size was measured through the number of team members. For 
the control variable team composition, we transformed the categorical variable into two 







The level of analysis in this study was the team. Thus, all individual survey responses 
were aggregated to the team level for further analysis. To justify aggregation, we computed 
Rwg(j) (James et al., 1993), designed for multiple-item scales, and intraclass correlations 
coefficients (ICC) (Bliese, 2000). All the values were in accordance with the required 
criteria: Conflict (Rwg(j) = 0.70; ICC(1) = 0.07; ICC(2) = 0.27; F(91,297) = 1.37, p < .05); 
satisfaction (Rwg(j) = 0.79; ICC(1) = 0.08; ICC(2) = 0.29; F(90,278) = 1.41, p < .05); and 
viability (Rwg(j) = 0.80; ICC(1) = 0.09; ICC(2) = 0.31; F(90,276) = 1.45, p < .05). Therefore, 




Table 2.1. provides the means, standard deviations, and the correlations for all study 
variables at the team level. As expected, significant positive correlations were found between 
TMM-similarity in different times. However, the mean values of the similarity of team-
TMMs and task-TMMs slightly decreased from time 1 to time 3 (see Table 2.1.). The 
similarity of team-TMMs at time 1 was correlated significantly with performance, 
satisfaction, and viability. However, the similarity of task-TMMs at time 1 was not correlated 
with either dimension of team effectiveness. These results only supported our hypothesis 2a, 
2b, 2c regarding the team-TMMs, which partially supported hypotheses 2. 
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Table 2.1. Means, standard deviations, and correlations among all team-level variables 
 
 M SD 1 2 3 4 5 6 7 8 9 10 
Control variables             
1. Team size 4.51 0.76           
2. Students and workers 0.14 0.35 .06          
3. Workers 0.40 0.49 .32** −.33**         
Time 1             
4 Task-TMMs 0.20 0.40 .173 −.05 .10        
5. Team-TMMs 0.35 0.41 .076 −.18 .24* .57**       
Time 2             
6. Conflict 1.80 0.72 −.21* .12 −.17 -.11 −.34**      
Time 3             
7. Task-TMMs 0.19 0.34 .04 −.08 -.01 .38** .41** −.18     
8. Team-TMMs 0.32 0.42 .08 −.03 .06 .43** .52** −.19 .52**    
Time 4             
9. Performance 4.52 2.28 .01 .09 .08 .11 .22* −.27** .24* .24*   
10. Satisfaction 5.94 0.67 .01 .12 .05 −.02 .26* −.38** .17 .16 .34**  
11. Viability 5.84 0.69 .06 .11 .04 −.01 .24* −.41** .20 .22* .23* .78** 
 
 Note. N = 92; * p <.05; ** p < .01 
Shared mental models and shared temporal cognitions 
 
68 
In order to evaluate whether TMMs become more similar over time, we conducted a 
repeated measures ANOVA. The differences were not significant for either dimension of 
TMMs from time 1 to time 3 (team-TMMs: F(1,91) = 0.52, p > .05, p
2 
= .01; task-TMMs: 
F(1,91) = 0.04, p > .05, p
2 
= .00). These results did not support our hypothesis 1. 
To evaluate our mediation model, we used the PROCESS macro, developed by Hayes 
(2013), to test a mediation model with multiple mediators operating in serial. This macro 
allows us to test the direct effect of TMM-similarity on effectiveness and the indirect effects 
of TMM-similarity on effectiveness through the mediators, even when there is no association 
between TMM-similarity and effectiveness. For the path analyses, team size and team 
composition were entered as control variables. We resampled 5000 times and examined for 
95% confidence intervals (CI). Bootstrapping produces a CI, based on bootstrapped sampling 
distribution, and we can assume that the indirect effects are significant and that mediation 
occurred if zero falls outside of the 95 percent CI (Preacher & Hayes, 2008).  
Tables 2.2. and 2.3. provide the path estimates for the models. Concerning hypotheses 
3, the results showed that the similarity of team-TMMs in time 3 did not mediate the 
relationship of the similarity of team-TMMs in time 1 with effectiveness (performance: 0.50 
[CI = −0.08, 1.47], Cohen’s f 2 = 0.07; satisfaction: 0.02 [CI = −0.15, 0.18], Cohen’s f 2 = 
0.07; viability: 0.10 [CI = −0.06, 0.28], Cohen’s f 2 = 0.07). Nonetheless, the similarity of 
task-TMMs in time 3 mediated the relationship of the similarity of task-TMMs in time 1 with 
effectiveness (performance: 0.45 [CI = 0.06, 1.04], Cohen’s f 2 = 0.06; satisfaction: 0.10 [CI 
= 0.01, 0.25], Cohen’s f 2 = 0.04; viability: 0.12 [CI = 0.02, 0.28], Cohen’s f 2 = 0.05). Thus, 
the results only supported our hypotheses 3a, 3b, and 3c regarding task-TMMs, which 
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Table 2.2. Model path estimates for models with team-TMMs 
Note. n = 92. The coefficients refer to the unstandardized regression coefficient. 
a
 The total effect of team-TMMs in time 1 on team effectiveness without the inclusion of mediator variables. 
b 
The total effect of team-TMMs in time 1 on team effectiveness with the inclusion of mediator variables.
  
 
Table 2.3. Model path estimates for models with task-TMMs 
Note. n = 92. The coefficients refer to the unstandardized regression coefficient. 
a
 The total effect of team-TMMs in time 1 on team effectiveness without the inclusion of mediator variables. 
b 
The total effect of team-TMMs in time 1 on team effectiveness with the inclusion of mediator variables.
  
 
Conflict mediated the relationship between the similarity of team-TMMs in time 1 
and effectiveness (performance: 0.43 [CI = 0.07, 1.02], Cohen’s f 2 = 0.10; satisfaction: 0.19 
[CI = 0.05, 0.40], Cohen’s f 2 = 0.19; viability: 0.21 [CI = 0.06, 0.45], Cohen’s f 2 = 0.22), but 
did not mediate the relationship between the similarity of task-TMMs in time 1 and 
effectiveness (performance: 0.10 [CI = −0.09, 0.42], Cohen’s f 2 = 0.06; satisfaction: 0.06 [CI 
= −0.04, 0.18], Cohen’s f 2 = 0.17; viability: 0.06 [CI = −0.04, 0.20], Cohen’s f 2 = 0.21). 
Thus, once more the results only supported our hypotheses 4a, 4b, and 4c regarding team-
TMMs, which partially supported our hypotheses 4. 
 Performance model Satisfaction model Viability model 
 Coefficient p value Coefficient p value Coefficient p value 
Team-TMMs (T1)  Effectivenessa 1.27 .01 0.47 .01 0.44 .02 
Team-TMMs (T1)  Effectivenessb 0.33 .67 0.26 .12 0.13 .52 
Team-TMMs (T1)  Conflict -0.54 .00 -0.56 .00 -0.56 .00 
Team-TMMs (T1)  Team-TMMs (T3) 0.56 .00 0.56 .00 0.56 .00 
Conflict   Team-TMMs (T3) -0.01 .89 -0.01 .83 -0.01 .83 
Conflict  Effectiveness -0.79 .06 -0.34 .01 -0.38 .01 
Team-TMMs (T3)  Effectiveness 0.90 .15 0.03 .84 0.18 .22 
 Performance model Satisfaction model Viability model 
 Coefficient p value Coefficient p value Coefficient p value 
Task-TMMs (T1)  Effectivenessa 0.66 .23 -0.03 .88 -0.03 .87 
Task-TMMs (T1)  Effectivenessb 0.11 .85 -0.19 .34 -0.21 .21 
Task-TMMs (T1)  Conflict -0.12 .40 -0.15 .29 -0.15 .29 
Task-TMMs (T1)  Task-TMMs (T3) 0.32 .00 0.32 .00 .32 .00 
Conflict  Task-TMMs (T3) -0.07 .15 -0.08 .15 -0.08 .15 
Conflict  Effectiveness -0.81 .04 -0.37 .00 -0.40 .01 
Task-TMMs (T3)  Effectiveness 1.38 .01 0.31 .07 0.36 .07 
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Finally, conflict and TMM-similarity in time 3 did not sequentially mediate the 
relationship between TMM-similarity in time 1 and team effectiveness at the end of team 
lifecycle, neither for team-TMMs (performance: 0.00 [CI = −0.05, 0.10], Cohen’s f 2 = 0.16; 
satisfaction: 0.00 [CI = −0.01, 0.01], Cohen’s f 2 = 0.26; viability: 0.00 [CI = −0.01, 0.02], 
Cohen’s f 2 = 0.28), nor for task-TMMs (performance: 0.01 [CI = −0.01, 0.09], Cohen’s f 2 = 
0.17; satisfaction: 0.01 [CI = −0.00, 0.02], Cohen’s f 2 = 0.26; viability: 0.00 [CI = −0.00, 




In order to contribute to TMM research, this study evaluated the evolution of TMM-
similarity over a sequence of task episodes, and the role of a dysfunctional team process – 
relationship conflict − on this evolution, and on team effectiveness. Our results provide 
support for the mediating role of conflict in the relationship between the similarity of team-
TMMs at the beginning of team lifecycle and effectiveness. Our results also provide support 
for the mediating role of task-TMMs in the middle of team lifecycle between task-TMMs at 
the beginning of team lifecycle and effectiveness. The results did not support our multiple 
mediation, and we did not find evidence for increasing TMM-similarity over time. We move 
forward with some explanations. 
Our findings suggest that conflict has dysfunctional effects on team effectiveness. 
Despite the low levels of conflict reported by members, these were enough to diminish the 
performance, satisfaction and viability, which demonstrated the strength and the 
dysfunctional impact of conflict (e.g., Bayazit & Mannix, 2003; Jehn & Mannix, 2001; 
Simons & Peterson, 2000). However, conflict did not have a significant impact on TMM-
similarity in the middle of team lifecycle. This may occur because low levels of conflict are 
not able to diminish, in a short period of time, the shared understanding that members 
developed about team- and task-aspects of work. Curseu, Kenis, and Raab (2009) showed 
that when members choose future teammates based on their competences and/or similarities 
they keep equilibrium in such a way that the disagreements do not deteriorate into 
relationship conflict. In the Global Management Challenge
®
 members choose their 
teammates based on their relational preferences or on their competences to work. Thus, the 
low level of relationship conflict may be due to the way teams are formed.  
As expected, the similarity of team-TMMs reduces the level of conflict which in turn 
improves effectiveness. This occurs because members share a common understanding about 
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how work together from the beginning of team lifecycle, which helps them to avoid or 
manage the disagreements based on personal issues (Thompson, 2004), and to achieve high 
levels of effectiveness. We also expected that when members have a shared understanding 
about work objectives and task duties (i.e., when share task-TMMs) they will be more able to 
avoid personal disagreements (De Dreu & Weingart, 2003; Thompson, 2004). Nevertheless, 
the similarity of task-TMMs was not able to reduce relationship conflict. The low average 
similarity we found in task-TMMs could explain why there was no significant relationship 
between task-TMMs and conflict. Probably task-TMMs did not have strength to diminish 
conflict.  
Our findings also demonstrated that the similarity of task-TMMs in the middle of 
team lifecycle mediated the relationship between the similarity of task-TMMs in the 
beginning of team lifecycle and effectiveness. However, the same results were not obtained 
concerning the similarity of team-TMMs. Thus, we assume that this mediation only occurred 
with task-TMMs because teams defined the strategy and the goals accordingly to 
performance in the beginning of the simulation, which guide all the behaviours and decisions 
over the simulation. Our mediation models lead us to assume that team- and task-TMMs have 
different functions on team interaction, but they have similar impact on team effectiveness. 
Our results are in accordance with Cannon-Bowers and Salas (2001) stated in a theoretical 
paper: task-TMMs lead to performance, whilst team-TMMs lead to performance through 
team processes. Owing the results about simple mediations, the results do not allow us to 
support the double mediation of conflict and TMM-similarity in the middle of interaction. 
Only the similarity of team-TMMs had a positive effect on all three criteria of 
effectiveness. The task-TMMs (in the middle of team lifecycle) only had a positive impact on 
performance. This means that the shared knowledge about skills, contributions of members, 
and relational dynamics, is critical to effectiveness from the beginning of team interaction. 
These results are in contrast to some studies that showed that the similarity of task-TMMs 
had a stronger effect on performance than team-TMMs (e.g., Lim & Klein, 2006; Mathieu et 
al., 2010). This may be due to the way teams are formed. As in the Global Management 
Challenge
®
 members choose their teammates based on their relational preferences or on their 
competences to work. Thus, at the start of the team task, members already have a mental 
model regarding the way they should interact and work together. While task-TMM is specific 
for each context, team-TMM is not. For this reason, if teams already have a similar team-
TMM, this shared understanding is more likely to lead to higher levels of effectiveness. The 
task-TMM is specific for the context and develops as team members interact within the 
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simulation. Therefore, task-TMM is likely to take more time to develop and reach an optimal 
level than team-TMM.  
TMMs did not become more similar over time. These results are in accordance with 
other studies that showed the same trajectories (e.g., Levesque et al., 2001; Mathieu et al., 
2000). A possible explanation for these results could be related to the feedback given to the 
team during the simulation. Over the weeks, teams received a management report showing 
their results only in financial terms, hence they could not derive if they were doing something 
wrong, or what poor decisions were. In this sense, teams were not able to improve or discuss 
a common understanding that was wrong but that they believed was correct. In addition, 
members who participated in our study work together and make decisions over each week of 
the simulation, while developing other professional or academic activities. Thus, they only 
have limited time available for interacting with their team members in the simulation. 
Therefore, it may be difficult improve TMM, and develop professional or academic activities 
over the simulation. Additionally, in accordance with a recent theoretical adaptation model 
(Rosen et al., 2011) we think that team learning is essential for TMM update. Through 
learning behaviours, members ask questions, seek feedback, experiment, and discuss errors 
and unexpected outcomes (Edmondson, 1999), which may lead to an update of TMM. 
 
Theoretical and research implications 
 
Our findings are of theoretical interest for several reasons. First, we evaluated our 
variables over a period of five team performance episodes, and TMMs were evaluated in two 
different moments. Since there are a limited number of published longitudinal studies on 
TMMs (e.g., Mohammed et al., 2010), our study adds value to TMM research by showing 
how team-TMMs diminish relationship conflict and improve effectiveness, and how task-
TMMs measured at different points are related to team effectiveness. 
In addition, this study is the first to analyse the mediating role of a dysfunctional 
process, conflict, in the relationship between TMMs and team effectiveness. We find that 
TMM similarity at the beginning of the team lifecycle is related to relationship conflict. 
Moreover, consistent with previous studies, we find that conflict limits team’s cognitive 
functioning, which in turn lead to a decrease in effectiveness (De Dreu & Weingart, 2003; de 
Wit et al., 2012; Jehn & Mannix, 2001). In other words, conflict limits TMM development 
and decrease satisfaction, viability, and effectiveness. 
Methodologically, in our study we used a path analysis approach that allowed us to 
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test our full conceptual model, instead of testing pieces of our model separately. This 
methodology allows researchers to understand the relationships between all different aspects 
of team lifecycle. In addition, this data analysis strategy allows us to test direct and indirect 




Our study also offers practical implications for organizational and business teams. 
Our findings show the importance of a shared understanding concerning relevant task and 
team aspects from the beginning of the team lifecycle. Our study offers insights into 
designing training programs about TMMs through which teams should be instructed in the 
importance of shared knowledge and strategies needed to enhance its potential. And 
importantly, these training programs should occur previously to task performance. 
Furthermore, our study shows that it is important that teams develop conflict 
management competencies and know how to use conflict management strategies to prevent 
conflict (Pazos, 2012) in order to achieve high levels of performance, feel satisfied with team, 
and be willing to work together in the future. Therefore, training programs about conflict 
management are also needed. Ideally, team members should be instructed about TMMs and 
conflict management. This way teams are more likely to develop a shared understanding 
about how the task should be accomplished and how to interact with each other at the same 
time they know how to prevent or deal conflicts. In short, the knowledge about how they 
perform the task and work together will reflect on conflict and impact on team performance 
(Wood et al., 2011).  
 
Limitations and future research 
 
This research was conducted with teams enrolled in a management simulation that, 
although artificial, nevertheless involved their working together for more than five weeks. 
They participated in a dynamic simulation, characterized by complex decision-making, where 
team members needed to focus on several indicators to reach a specific objective. All these 
factors require high levels of coordination and interaction (Tasa, Taggars, & Seijts, 2007), 
similar to real teams in organizations. In addition, some authors have also used these types of 
teams in their research (e.g., Marks et al., 2002; Mathieu et al., 2000). 
Unlike many researchers (e.g., Marks et al., 2002; Mathieu et al., 2000), we did not 
Shared mental models and shared temporal cognitions 
 
74 
evaluate the accuracy of TMMs. However, it would be critical to compare the knowledge 
structures of members with the knowledge of an expert. A future solution could be to ask the 
members of teams with high classifications in previous editions of the simulation, and 
compare their answers with those of the participants. 
Several authors have discussed how similar TMMs should be in order to increase 
effectiveness (e.g., Salas et al., 2005; Woehr & Rentsch, 2003). Possibly, an extreme 
overlapping of TMMs could lead to a phenomenon similar to groupthink (Janis, 1972), which 
would be detrimental to effectiveness. In this sense, it will be important to conduct empirical 
studies to understand how similar TMMs should be, and when the similarity of TMMs is 
disruptive to teams. In order to do this it will be important to evaluate TMMs at more stages 
of team interaction and explore the evolution of TMMs over time and evaluate them. 
Future studies might also analyse the effect of conflict management strategies. In 
organizational contexts is crucial that teams learn and use conflict management strategies to 
prevent relationship conflict while sustaining constructive disagreements (Pazos, 2012). It 
will be important understand the impact of different conflict management strategies on the 
relationship between TMMs, relationship conflict, and effectiveness. 
Since all measures were obtained from team member respondents, some problems 
regarding to common-method variance could be point out (Siemsen, Roth, & Oliveira, 2010). 
However, some authors defend that method variance is not a problem (Brannick, Chan, 
Conway, Lance, & Spector 2010; Lance, Dawson, Bierkelbach, & Hoffman, 2010), and that 
the spurious causes of relationships among variables are related to the mixture of methods 
and constructs and not related to methods themselves (Brannick et al., 2010). Furthermore, 
common method variance is not a problem when not every variables are correlated, what 
happens in our study (Brannick et al., 2010). Our research also deals with shared biases 




TMMs are an important and emerging field in organizational behaviour. Researchers 
and professionals who work and/or manage teams must reflect on the relevance and benefits 
of a shared understanding among the team members. If this sharing aspect of teamwork exists 
in organizations, workers will achieve high performance levels, will feel satisfied and will 
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In competitive and dynamic contexts team members need to be creative to ensure that teams 
achieve high levels of performance and feel satisfied with their work. At the same time, team 
members need to have a shared understanding regarding relevant aspects related to task 
accomplishment and team interaction. In this study we investigate the mediating mechanisms 
of intragroup conflict and creativity in the relationship between shared mental models and 
team effectiveness (team performance and satisfaction). We tested our model in a sample of 
161 teams (735 individuals) performing in a management simulation. We collected data at 
three time points. Our results suggest that high shared mental models are related to low levels 
of intragroup conflict, foster creativity, and in turn improve team performance and 
satisfaction. These findings contribute to a scarce thematic – the relationship between shared 
mental models and creativity – emphasizing the importance of a shared understanding for 
creativity and team effectiveness. 





The organizational contexts in which teams operate are becoming increasingly 
competitive. As a result, teams often need to be creative to achieve their goals, present new 
solutions or suggest new products (Burke et al., 2006a). Researchers have analyzed team 
factors that foster team creativity, such as task interdependence, team size, and cohesion 
(Hülsheger, Anderson & Salgado, 2009). Yet, an in depth investigation of the impact of team 
cognitive factors, such as shared mental models, is lacking. Shared mental models (SMM) 
refer to a common understanding among the team members about relevant task and team 
aspects of their work (Klimoski & Mohammed, 1994). Although empirical studies show that 
SMM foster a variety of team processes and outcomes, such as coordination, adaptation, and 
performance (e.g., Mathieu et al., 2000; Santos & Passos, 2013; Uitdewilligen et al., 2013), 
empirical studies that analyze the effect of SMM on creativity are still missing. As SMM 
imply a common understanding shared by team members, it is important to analyze whether 
SMM inhibit creative ideas because team members share the same ideas and do not discuss 
different points of view, or whether SMM potentiate creative ideas because they facilitate 
effective coordination and cooperation among the team members.   
Literature about the impact of SMM on creativity is scarce. On the one hand, it has 
been argued that SMM may stifle creativity (Skilton & Dooley, 2010). When team members 
have too much overlap in their understanding about task and team aspects of work, this may 
reduce their ability to innovate and to be creative. On the other hand, previous studies suggest 
a positive effect of SMM on adaptation, which is closely related to creativity and innovation 
because teams need to solve problems and create new products in order to be able to adapt 
(Burke et al., 2006). 
Intragroup conflict is likely to play a role in the relationship between SMM and 
creativity. Conflict results from the tension among team members and involves discrepancies 
and incompatible goals (De Dreu & Weingart, 2003; Jehn & Mannix, 2001). Intragroup 
conflict may hamper creativity, impede team members’ ability to develop new ideas, and 
thereby decrease team effectiveness (De Dreu & Weingart, 2003; de Wit et al., 2012; Jehn, 
1995; Simons & Peterson, 2000). A recent study showed that SMM similarity diminishes the 
level of relationship conflict and in turn improves team effectiveness (Santos & Passos, 
2013). However, empirical studies that analyze the relationship between SMM, conflict, 
creativity and effectiveness are needed.  
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In the present study we investigate the mediating mechanisms of intragroup conflict 
and team creativity in the relationship between SMM and team effectiveness (team 
performance and satisfaction). We analyze four types of intragroup conflict: task, 
relationship, process, and temporal conflict. Analyzing the mediating role of intragroup 
conflict and creativity allows us to integrate and test alternative theories on how SMM impact 
team effectiveness (Mathieu, DeShon & Bergh, 2008a). 
 
THEORETICAL BACKGROUND AND HYPOTHESES 
 
Shared mental models 
 
Previous research suggests that SMM impact team performance and satisfaction (e.g., 
Mathieu et al., 2000, 2010; Santos & Passos, 2013). Performance is an objective criterion that 
indicates team level actual task accomplishment. Team satisfaction is an affective concept 
that indicates the degree to which team members are satisfied with the team experience 
(Hackman, 1987; McGrath, 1964). SMM foster team effectiveness because they enable team 
members to anticipate the needs and actions of other team members and to adapt their actions 
to align with their colleagues as well as with the demands of the task (Cannon-Bowers et al., 
1993; DeChurch & Mesmer-Magnus, 2010). When team members have SMM, they make 
efficient use of their information and knowledge, produce efficient collective responses to 
immediate task requirements, and subsequently are able to achieve high levels of 
performance and feel satisfied with the team experience (Cannon-Bowers et al., 1993; 
DeChurch & Mesmer-Magnus, 2010; Santos & Passos, 2013). 
 
Shared mental models and intragroup conflict 
 
Intragroup conflict is a process that occurs when team members perceive their 
interests and values to be incongruent with those of other members of the team (DeChurch et 
al., 2013; Jehn & Mannix, 2001). Three different types of intragroup conflict have been 
identified in the literature: task, relationship, and process conflict (Jehn, 1995; 1997). Task 
conflict refers to disagreements among team members related to the content of the tasks, such 
as differences regarding ideas or opinions (Jehn, 1995). Relationship conflict refers to 
arguments about personal and social issues that are not directly related to the task and that 
involve negative emotions and tension (De Dreu & Van Vianen, 2001; Jehn, 1995). Process 
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conflict refers to differences on the procedures by which the task should be accomplished, the 
distribution of responsibilities, and the structure of delegation within the team (Jehn, 1997). 
Recently, scholars added a fourth type of conflict: temporal conflict, which refers to 
intragroup disputes about time, the duration of a task, and the length of time the team should 
spend on a specific task or goal (Mohammed & Nadkarni, 2011; Standifer et al., 2015).  
Different perspectives exist regarding the impact of intragroup conflict on team 
functioning. Previous empirical studies consistently show that relationship conflict and 
process conflict limit team members’ ability to share, exchange, and process relevant 
information, and that they distract team members from engaging in effective task execution 
(De Dreu & Weingart, 2003; de Wit et al., 2012; Jehn, 1997; Passos & Caetano, 2005; Santos 
& Passos, 2013). Research on temporal conflict suggests that it increases ambiguity about 
task deadlines and the sequence of task accomplishment, which disrupts coordination 
processes and increases team members’ frustration (Mohammed & Nadkarni, 2011; Standifer 
et al., 2015). Findings about task conflict, however, are inconsistent. Although initial research 
suggest that task conflict may facilitate innovativeness and high-quality team decisions 
(Amason, 1996; Jehn, 1995), a meta-analysis by De Dreu and Weingart (2003) shows that 
task conflict has disruptive effects on team effectiveness. Nevertheless, a recent meta-
analysis did not show a strong and negative association between task conflict and team 
performance (de Wit et al., 2012).  
SMM play an important role in the development of intragroup conflict by stimulating 
constructive conflict and avoiding disruptive conflicts. As teams that have SMM have a 
common understanding of the task goals, procedures, and strategies, this facilitates 
coordination among the team members and fosters knowledge about what other members 
need to accomplish their task. Therefore, members are able to openly discuss ideas and 
different viewpoints arising over the team lifecycle (Cannon-Bowers et al., 1993; DeChurch 
& Mesmer-Magnus, 2010; Santos, Uitdewilligen, & Passos, 2015a). When team members 
have SMM and discuss ideas that are aligned with the task and team aspects of their work, 
they are likely to increase their effectiveness in executing their task. In short, when team 
members have SMM, they can engage in task conflict situations, solve them, make optimal 
decisions, achieve high levels of performance, and feel satisfied with their work.  
 
Hypothesis 1 – (a) Task conflict mediates the relationship between SMM and team 
effectiveness (team performance and satisfaction). 
 




Team members who have SMM are focused on task accomplishment and discuss 
aspects related to the task and team interaction that really matter for effectiveness. 
Consequently, teams avoid disagreements based on personal issues, on team members’ 
responsibilities and on the length of time the team should spend on a specific tasks or goals 
and thereby achieve high levels of performance and member satisfaction (Santos & Passos, 
2013; Simons & Peterson, 2000; Standifer et al., 2015). Thus, teams that have SMM 
experience low levels of relationship, process, and temporal conflict and achieve high levels 
of performance and their members feel satisfied with their team. 
 
Hypothesis 1 – (b) Relationship conflict, (c) process conflict, and (d) temporal conflict 
mediate the relationship between SMM and team effectiveness (team performance and 
satisfaction). 
 
Shared mental models and team creativity 
 
Creativity refers to the process of “coming up with fresh ideas for changing products, 
services, and processes so as to better achieve the organization’s goals” (Amabile, Barsade, 
Mueller & Staw, 2005, p. 367). Creativity requires originality and effectiveness, as “original 
things must be effective to be creative” (Runco & Jaeger, 2012, p. 92). Past research has 
demonstrated that team input variables, such as task interdependence, and job-relevant 
diversity stimulate team creative processes (Hülsheger et al., 2009; Van der Vegt & Janssen, 
2003; West, 2002). Team processes, such as communication patterns, task orientation and 
intragroup conflict, also have an impact on creativity and innovation (De Dreu, 2006; Jehn, 
1995; West & Anderson, 1996).  
Despite these important findings in creativity research, a relevant discussion exists on 
the effect of SMM on creativity that needs clarification. Skilton and Dooley (2010) pose that 
SMM may stifle creativity. They argue that particularly when team members work together 
on creative projects, they internalize and synchronize their SMM, which over time become 
resistant to change. In subsequent projects team members may avoid discussing novel ideas 
and diverging points of view in order to avoid conflict and not to disrupt the status quo 
(Skilton & Dooley, 2010). In short, Skilton and Dooley (2010) argue that the common 
understanding shared by team members inhibits innovative and creative ideas.  
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Contrastingly, a number of empirical studies have shown that SMM positively foster 
team adaptation, which includes innovation as a subfacet (Burke et al., 2006a; Resick et al., 
2010b; Uitdewilligen et al., 2013). When team members have SMM, they are able to adapt 
their routines when they are confronted with complex and dynamic task environments 
(Kozlowski et al., 2001; Resick et al., 2010b). Hülsheger and colleagues (2009) argue that 
when teams have SMM, the positive relationship between job-relevant diversity and 
innovation might be strong, because then team members’ working styles are aligned, they 
agree on team norms, and they are coordinated and willing to cooperate with each other 
(Bledow, Frese, Anderson, Erez & Farr, 2009; Kozlowski & Bell, 2003). Furthermore, team 
members who have SMM are able to generate, create and implement new ideas or products 
that are aligned and in accordance with the requirements of the task and the needs of the team 
(Burke et al., 2006a; Hülsheger et al., 2009). Consequently, teams achieve high levels of 
performance and team members feel satisfied. 
Although team factors directly impact team creativity, they also impact the extent to 
which individuals can be creative, which in turn facilitates team effectiveness. Research 
suggest that when team members “are open to new ideas, constructively challenge one 
another, effectively communicate and provide feedback, successfully manage conflict, trust 
and help each other, and share a commitment to their work” (DiLiello et al., 2011, p. 155) 
team members perceive support for creativity, which fosters team and organizational 
innovation and effectiveness (Amabile, 1988; DiLiello, et al., 2011). In this sense, we argue 
that a team work environment where members have a similar understanding regarding 
relevant team and task aspects of their work fosters team members’ creativity. SMM and 
creativity, in turn, have a positive impact on the ability of the team to perform and the extent 
to which its members feel satisfied with the team.  
 
Hypothesis 2 – Creativity positively mediates the relationship between SMM and team 
effectiveness (team performance and satisfaction). 
 
Shared mental models, intragroup conflict and team creativity 
 
A number of empirical studies have given special attention to the relationship between 
task conflict on creativity (Badke-Schaub, Goldschmidt & Meijer, 2010; Chen, 2006; De 
Dreu, 2006; Pelled, Eisenhardt & Xin, 1999). Findings suggest that task conflict fosters 
creativity because when team members disagree about central components of the task, they 
Shared mental models and shared temporal cognitions 
 
84 
are likely to explore opposing ideas, and discuss diverging viewpoints, which enhances the 
generation of new ideas (Badke-Schaub et al., 2010; Chen, 2006). On the contrary, 
relationship conflict hampers creativity because it limits team members’ ability to 
communicate, discuss and share information (Chen, 2006; Jehn, 1995; Simons & Petters, 
2000). 
We argue that teams that have SMM, and experience high levels of task conflict and 
low levels of relationship, process and temporal conflict, are likely to create new solutions for 
problems or unexpected situations and to achieve high levels of team effectiveness. As team 
members share a common understanding of relevant aspects of their work, they discuss issues 
related to task accomplishment and team goals, and they avoid disruptive conflicts (Jehn, 
1995; Santos & Passos, 2013; Simons & Peterson, 2000). Consequently, as team members 
think about new ideas and solutions, they achieve high levels of performance and feel 
satisfied with the team. Thus, we expect a relationship between SMM, team conflict, 
creativity and effectiveness.  
 
Hypothesis 3 – (a) Task conflict, (b) relationship conflict, (c) process conflict, (d) 
temporal conflict and creativity sequentially mediate the relationship between SMM and team 
effectiveness.  
 
The research model is represented in Figure 3.1. 
 
 













A total of 161 teams (735 individuals) participated in this study. All teams were 
enrolled in a national management and strategy simulation for a 5-week period. The teams 
were composed of workers (42.6%), university students (41.1%), or a mix of workers and 
students (16.4%). Team sizes ranged from three to five members, with an average of 4.67 





We collected data using the business simulation the Global Management Challenge
®
. 
In this simulation teams run fictitious companies that have the objective of gaining the 
highest share price on the simulated stock exchange. The simulation has been running for 
over thirty years, and many top companies encourage their employees to take part in it. The 
simulation comprises four stages: first round, second round, national final, and international 
final. We collected data in the first round of the simulation that takes place across five 
consecutive weeks and involves a larger number of teams. Before the beginning of the 
simulation teams receive a manual that explains how the simulation works, and a 
management report about the companies they will run. This information can be used over the 
simulation. Further, approximately one month before the beginning of the simulation 
participating teams enroll in two training sessions. The teams were assigned to a group 
consisting of a maximum of eight teams representing a competitive market, in which they had 
to compete with one another. The simulation lasts five weeks, with each week simulating 
three months. In each quarter teams make decisions on the marketing, production, personnel, 
purchasing, and finance of their fictional company. The simulation algorithm computes the 
effect of these decisions on the companies’ financial indicators, their share price and on their 
ranking relative to the other teams. This information is presented to the team in the form of a 
management report to the teams after each quarter.   
Team members are free to assemble their own team. Because members might know 
each other from their university (for student teams), or from their jobs (worker teams) some 
teams may have worked together before. The mix teams were formed by students and 
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workers. For these teams it is less likely that members have worked together previously. 
Companies may ask students to join their teams as part of a recruitment process as this 




Team members answered two different on-line questionnaires during the simulation. 
Performance was provided by the company responsible for the simulation. The company 
authorized data collection and informed participants about the research, whereas the authors 
of the study were responsible for sending the link to the questionnaires and for collecting the 
data. The link to the questionnaires was sent to the team members by e-mail at different time 
moments in the simulation period. Participants individually answered the questionnaires 




Shared mental models. Based on the four types of models identified by Cannon Bowers and 
colleagues (1993), we developed a four-item scale to evaluate SMM. On a 7-point Likert 
scale (1 = totally disagree, 7 = totally agree) the participants indicated how much they agreed 
with each of the statements. A list of the statements is provided in the Appendix B. We 
performed an exploratory factor analysis which revealed only one factor with 81.24 percent 
of variance explained. A confirmatory factor analysis (CFA) executed in Mplus (Muthén & 
Muthén, 1998–2010) indicated an acceptable goodness of fit index, with all indices falling 
within acceptable ranges (Hu & Bentler, 1999; Schreiber, Stage, King, Nora & Barlow, 
2006): χ2 (2) = 55.73, p = .00; RMSEA = .00; CFI = .97; TLI = .90; SRMR = .02. SMM were 
measured in the third week of the competition ( = .92). 
 
Intragroup conflict. Relationship, task, and process conflicts were measured with twelve 
items from the Intragroup Conflict Scale by Jehn (1995, 1997). Temporal conflict was 
measured with a modified three-item scale by Yang (2009) based on the original process 
conflict scale developed by Jehn (1995) and Shah and Jehn (1993). On a 7-point scale (1 = 
never, 7 = always), the participants indicated how often each behavior occurred in their team. 
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A list of the statements is provided in the Appendix B. Conflict was measured in the fourth 
week of the competition ( relationship = .96;  task = .87;  process = .92;  temporal = .95). 
 
Creativity. Creativity was measured with the self-perceived creativity and creative self-
efficacy (5 and 6 items respectively) scales by DiLiello and colleagues (2011). On a 7-point 
scale (1 = totally disagree; 7 = totally agree), the participants rated the extent to which they 
agreed with each sentence. A list of the sentences is provided in the Appendix B. We used the 
two scales together, because an exploratory factor analysis revealed only one factor with 
78.14 percent of variance explained. A CFA was implemented by Mplus (Muthén & Muthén, 
1998–2010) which presented an acceptable goodness of fit index since all indices fell within 
acceptable ranges (Hu & Bentler, 1999; Schreiber et al., 2006): χ2 (35) = 327.39, p = .00; 
RMSEA = .00; CFI = .95; TLI = .93; SRMR = .03. Creativity was measured in the fourth 
week of the competition (= .97). 
 
Performance. Performance was operationalized as the share price at the end of the 
simulation. The share price was given in Euros and was automatically calculated by the 
simulation software. The simulation also automatically provided the team’s relative position 
in the group, ranging from first to eighth. We operationalized performance by recoding the 
share price on a 1 to 8 point-scale through the percentile values – we asked for the cut off 
points for eight equal groups. We created a new variable based on the values of the eight 
groups, which was used in the mediation analyses. The lowest share prices correspond to 
lower values and the highest share prices correspond to higher values. This performance 
measure was discussed and constructed on the basis of recommendations of the developers of 
the management simulation.  
 
Team satisfaction. Team satisfaction was measured with eight items adapted from the Job 
Satisfaction Scale by Spector (1997). On a 7-point scale (1 = very dissatisfied; 7 = very 
satisfied), the participants rated how much they were satisfied with different aspects of their 
teamwork. A list of the statements is provided in the Appendix B. Satisfaction was measured 
in the fifth week of the competition (=.98). 
 
Control variables. We included team size, team composition (workers, university students, or 
both), and familiarity as control variables in our analyses (Humphrey, Morgeson & Mannor, 
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2009; van Knippenberg & Schippers, 2007). We controlled for team size because it can 
impact a team’s ability to establish and build upon mental models. Team size was measured 
as the number members in the team. For the control variable team composition, we 
transformed the categorical variable into two dummy variables, using the workers as a 
baseline, since they represented more teams in the competition. Familiarity was measured as 







The level of analysis in this study was the team. Thus, all individual survey responses 
were aggregated to the team level for further analysis. To justify aggregation, we computed 
Rwg (j) (James et al., 1993), designed for multiple-item scale, and intraclass correlation 
coefficients (ICC) (Bliese, 2000). All the values were in accordance with the required criteria 
(see Table 3.1.). Therefore, individual answers were aggregated to team level. 
 
 




Table 3.1. Means, standard deviations, and correlations among all team-level variables 
 
 Rwg(j) ICC(1) ICC(2) M SD 1 2 3 4 5 6 7 8 9 10 11 12 
1. Team size -- -- -- 4.56 0.70             
2. Students -- -- -- 0.42 0.50 -.24**            
3. Workers -- -- -- 0.42 0.49 0.06 -.72**           
4. Mix teams -- -- -- 0.16 0.36 .25** -.37** -.36**          
5. Familiarity -- -- -- 80.78 25.76 -.27** .31** .12 -.60**         
6. SMM .83 .16 .47 5.55 0.69 -0.03 -0.02 0.12 -0.10 .20*        
7. Task conflict .72 .12 .39 2.75 0.84 0.12 0.13 -0.10 -0.06 .06 -.19*       
8. Relationship conflict .72 .16 .47 1.92 0.89 0.06 .28** -.24** -0.10 .11 -.29** .71**      
9. Process conflict .74 .14 .43 2.28 0.82 0.10 .24** -.18* -0.12 .12 -.29** .87** .90**     
10. Temporal conflict .71 .13 .42 2.18 0.87 0.06 .24** -0.15 -.16* .14 -.34** .78** .90** .93**    
11. Creativity .81 .09 .33 5.21 0.64 -0.4 -0.12 0.14 -0.03 .07 .53** -.32** -.49** -.42** -.48**   
12. Performance -- -- -- 4.44 2.30 -0.01 -.28** .24** 0.05 -.07 0.13 0.02 -0.15 -0.08 -0.15 .21**  





N = 161. * p < .05; ** p < .01. SMM = Shared mental models. 
 





Table 3.1. provides the means, standard deviations, and the correlations for all study 
variables at the team level. The results show a negative and significant correlation between 
mental models and the four types of intragroup conflict. The results show a positive and 
significant correlation between SMM and creativity (r = 0.53, p < .01), as well as satisfaction 
(r = 0.60, p < .01). The four types of conflict were negative and significantly correlated with 
creativity and satisfaction. Creativity was positively and significantly correlated with team 
effectiveness (rperformance = 0.21, p < .01; rsatisfaction = 0.52, p < .01). Regarding the control 
variables, familiarity was positively and significantly correlated with mental models (r = .20, 
p < .05). 
To evaluate our research model with multiple sequential mediators, we used the 
PROCESS macro, developed by Hayes (2013). This macro allows for testing the indirect 
effects of SMM on effectiveness through conflict and creativity, even when there is no 
association between SMM and effectiveness. Team size, team composition, and familiarity 
were entered as control variables. We resampled 5000 times and examined for 95% 
confidence intervals (CI). We can assume that the indirect effects are significant and that 
mediation occurred if zero falls outside of the 95 percent confidence interval (Preacher & 
Hayes, 2008).  
Table 3.2. provides the path estimates for the models. Hypotheses 1 (a-d) proposes 
that intragroup conflict mediates the relationship between SMM and team effectiveness. 
Intragroup conflict mediated the relationship between SMM and satisfaction (task: 0.05 [CI = 
0.01, 0.13]; relationship: 0.11 [CI = 0.05, 0.22]; process: 0.09 [CI = 0.03, 0.19]; temporal: 
0.10 [CI = 0.04, 0.20]). Intragroup conflict did not mediate the relationship between SMM 
and performance (task: –0.13 [CI = –0.40, 0.02]; relationship: –0.00[CI = –0.25, 0.24]; 
process: –0.08 [CI = –0.38, 0.14]; temporal: 0.02 [CI = –0.27, 0.30]). Hypotheses 1a, 1b, 1c 













































Note. n = 161 teams. SMM = Shared mental models. The coefficients refer to the unstandardized regression coefficient. 
a The total effect of SMM on team effectiveness without the inclusion of mediator variables. 
b The total effect of SMM on team effectiveness with the inclusion of mediator variables. 
 
Hypothesis 2 proposes that creativity positively mediates the relationship between 
SMM and team effectiveness. The results showed that creativity mediated the relationship of 
 Performance model Satisfaction model 
 Coefficient p value Coefficient p value 
SMM Effectivenessa .25 .44 .68 .00 
SMM Effectivenessb -.03 .94 .47 .00 
SMM Task conflict -.35 .00 -.36 .00 
SMM Creativity  .46 .00 .43 .00 
Task conflict  Creativity -.14 .05 -.18 .01 
Task conflict  Effectiveness .37 .14 -.14 .05 
Creativity  Effectiveness .80 .03 .32 .00 
SMM Effectivenessa .25 .44 .68 .00 
SMM Effectivenessb -.11 .78 .45 .00 
SMM Relationship conflict -.43 .00 -.43 .00 
SMM Creativity  .39 .00 .38 .00 
Relationship conflict  Creativity -.27 .00 -.26 .00 
Relationship conflict  Effectiveness -.00 99 -.26 .00 
Creativity  Effectiveness .70 .08 .22 .02 
SMM Effectivenessa .25 .44 .67 .00 
SMM Effectivenessb -.06 .87 .45 .00 
SMM Process conflict -.43 .00 -.43 .00 
SMM Creativity  .41 .00 .40 .00 
Process conflict  Creativity -.23 .00 -.23 .00 
Process conflict  Effectiveness .19 .50 -.22 .00 
Creativity  Effectiveness .78 .04 .27 .00 
SMM Effectivenessa .25 .44 .68 .00 
SMM Effectivenessb -.11 .77 .45 .00 
SMM Temporal conflict -.50 .00 -.48 .00 
SMM Creativity  .38 .00 .37 .00 
Temporal conflict  Creativity -.26 .00 -.27 .00 
Temporal conflict  Effectiveness -.03 .91 -.21 .00 
Creativity  Effectiveness .68 .08 .26 .01 
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SMM with performance (0.37 [CI = 0.09, 0.73]), and satisfaction (0.14 [CI = 0.05, 0.27]). 
Hypothesis 2 was supported. 
Hypotheses 3 (a-d) pose that intragroup conflict and creativity sequentially mediate 
the relationship between SMM and team effectiveness. The results showed that task conflict 
and creativity mediated the relationship of SMM with performance (0.04 [CI = 0.01, 0.16]) 
and satisfaction (0.02 [CI = 0.01, 0.05]). Hypothesis 3a was partially supported. Relationship 
conflict and creativity mediated the relationship of SMM with performance (0.08 [CI = 0.01, 
0.24]) and satisfaction (0.03 [CI = 0.01, 0.07]). Hypothesis 3b was supported. Process 
conflict and creativity mediated the relationship of SMM with performance (0.08 [CI = 0.01, 
0.20]) and satisfaction (0.03 [CI = 0.01, 0.06]). These results support hypothesis 3c. 
Temporal conflict and creativity mediated the relationship of SMM with performance (0.09 




This study presents important findings for teams functioning in highly competitive 
and dynamic environments where team members need to be creative and present innovative 
solutions. Our study shows the importance of SMM in constraining the level of intragroup 
conflict, in stimulating creativity, and in fostering team effectiveness.  
Our findings suggest that SMM diminish the level of conflict and in turn improve 
team satisfaction. However, in contrast with our hypothesis, SMM did not improve team 
performance by decreasing intragroup conflict. These results are contrary to our expectations, 
which postulated that when team members have SMM they engage in task conflict because 
they are able to discuss ideas and divergent viewpoints that arise over the team lifecycle as 
they clearly know the task goals and procedures as well as the needs of other members. Our 
findings may suggest that as team members share an understanding about the task procedures 
they previously define all the aspects related to task execution, and discuss different ideas and 
points of view. Thus, in the middle of team lifecycle all these aspects are clearly defined and 
they do not need to discuss these again.  
SMM diminish the level of intragroup conflict and in turn improve team satisfaction. 
Our research reveals important findings on a mediator that is scarcely analyzed in SMM 
research. It appears that SMM impede discussions about personal issues, deadlines, and task 
delegation because team members are focused on task accomplishment. Consequently, team 
members are more likely to feel satisfied with the teamwork experience (Rentsch & 
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Klimoski, 2001). However, SMM did not improve team performance via team conflict. These 
results are contrary to our expectations, and may suggest that intragroup conflict is more 
relevant as a mediating mechanism in the relationship between SMM and team satisfaction, 
than in the relationship between SMM and performance. The social issues, deadlines, task 
procedures, and task delegations that teams discuss in the middle of team lifecycle are 
important for the level of satisfaction team members feel at the end of the task 
accomplishment, but they do not impact the level of performance.   
Finally, our findings show that intragroup conflict and creativity act as mediating 
mechanisms between SMM and team effectiveness. These results are in accordance with our 
expectations and show that as team members have SMM they do not engage in conflict 
behaviors, which allows them to be creative and in turn to achieve high levels of performance 
and feel satisfied with the team.  
 
Theoretical and research implications  
 
Our research represents a contribution to the study of SMM by showing that this 
cognitive construct positively influences team creativity, and in turn team effectiveness. Thus 
far, different perspectives exist regarding the impact of SMM on creativity. While some 
authors argue that SMM block creativity (Skilton & Dooley, 2010), other authors argue that 
when team members have SMM they are more likely to be creative because they are 
coordinated, willing to cooperate with each other, and they trust and help each other (DiLiello 
et al., 2011; Hülsheger et al., 2009). Our findings support the latter perspective and show that 
in organizational contexts where team members have SMM, team members develop creative 
ideas, because their working styles are aligned, and they agree on important aspects of 
taskwork and teamwork (Hülsheger et al., 2009). Therefore, team members are able to 
achieve high levels of performance and feel satisfied with their work. However, more 
research about these topics is needed. 
Our study analyzes temporal conflict, which represents a recent dimension of 
intragroup conflict with important implications for team functioning. Increasingly teams are 
pressured by time, work on tight deadlines, and need to distribute their time and resources 
over different projects. Thus, it is important that teams avoid temporal disagreements and 
know how to work from the beginning of team lifecycle. More research about temporal 
conflict is needed.  
 





Our study offers a number of insights that companies may use in order to help their 
teams to improve their creativity and effectiveness. First, our study offers insights into the 
importance of fostering SMM and creativity in organizational teams. Our findings show that 
when team members have SMM, team members develop creative ideas that are in accordance 
with the requirements of the task and the needs of the team. Furthermore, our findings show 
that teams need to avoid conflict situations to be creative and to perform optimally. This 
implies that teams would benefit from receiving information about the importance of 
developing SMM and avoiding and managing conflicts.  
Previous research suggests that the development of SMM may be promoted by having 
team members engage in collective planning prior to task performance (Stout et al., 1999). In 
addition, a number of studies emphasize the important role the team leader plays in fostering 
the development of SMM. Marks and colleagues (2000) found that team leaders can help 
teams to develop SMM by providing briefings before the actual performance episode. 
Lorinkova, Pearsall, and Sims (2013), found that teams with empowering leaders develop 
more similar mental models than teams with directive leaders. So, when creativity is 
important for goal attainment, team leaders may be instructed to develop an empowering 
leadership style, in which they involve all team members in the goal setting and decision 
making process.   
Some interventions can be used particularly for (interdisciplinary) teams that work 
virtually, for instance, international teams. A mind mapping intervention can be used where 
team members should, individually, think about or write the main actions and/or the main 
information they need to perform well in the task (Rentsch, Delise, Salas & Letsky, 2010). 
Then, each team member should explain to each other the meaning of each action. In the next 
step, team members should collectively make the connection among those concepts, thereby 
creating a shared mental representation. Face-to-face teams may do this intervention together 
and make a “physical” mind map, for instance on a white board. International or virtual teams 
may develop this shared knowledge object for instance in a video-conference using virtual 
collaboration software. This intervention is likely to facilitate team members’ understanding 
of each other’s work, align their strategy, and increase the knowledge of each other skills, 
leading to a shared knowledge about the main aspects of the task and teamwork. 
To prevent conflict situations, team leaders and team members need to learn strategies 
that could help them to discuss important aspects of work, deadlines, and task delegation in a 
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way, and in a time moment, that would not interfere with team functioning. Team members 
and leaders need to develop conflict management competencies and learn how and when use 
those strategies to prevent dysfunctional conflict situations. Behfar, Peterson, Mannix and 
Trochin (2008) identified a number of strategies that can help teams to reduce conflict and 
improve performance and satisfaction. For instance, to prevent task conflict, team members 
can discuss or debate different ideas and opinions in order to achieve consensus, ensuring that 
all members have a chance to explain their view points. To prevent relationship conflict, team 
members can be trained to avoid taking disagreements in a personal way. Conflict 
management training can help team members focus on the content of the arguments instead 
of on the possibly unpleasant style in which these are formulated. To prevent process conflict, 
team members can schedule meetings in which they discuss and ensure the quality of the 
work, and prevent or plan for potential future problems. They can also assign a member (for 
instance the team leader) to allocate responsibilities, or they can provide team members with 
autonomy choose which specific task they want to execute (Behfar et al., 2008). Preventing 
temporal conflict is not only important for teams that work together in the same place and 
time, but is particularly important for international or virtual teams (Montoya-Weiss, Massey 
& Song, 2001). Both types of teams can use temporal coordination mechanisms that help 
them to communicate and coordinate effectively. For instance, they can create rules and 
procedures to prevent time management issues, they can establish consensus on the allocation 
of time to the different team tasks, and they can schedule deadlines to align the pace and 
effort among the team members (Behfar et al., 2008; Montoya-Weiss et al., 2001).  
 
Limitations and directions for future research 
 
The management simulation is an artificial scenario that has some limitations for the 
external validity of the findings. For instance, team members may not be fully engaged in the 
simulation, or may not work for the collective goal. However, similar to real teams in 
organizations, teams need to make several complex decisions where team members need to 
focus on different indicators to achieve a specific objective, and need to work together in an 
episodic way over five weeks (Mathieu et al., 2000; Mathieu & Rapp, 2009). This scenario, 
as in the real world, requires high levels of interaction and coordination. In the real world we 
could expect that teams would share a stronger SMM than in the simulation because team 
members know each other for a long period of time, and they are familiar with the tasks they 
need to perform, as well as with the preferences and abilities of each other. Thus, the effect of 
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SMM fostering creativity, reducing intragroup conflict, and in turn improving team 
effectiveness could be stronger than in the simulation. 
We analyzed creativity through individual level measures: self-perceived creativity 
and creative self-efficacy, which were aggregated to the team level. As our study regards to a 
team level study, we should analyze creativity through a team level measure (Costa et al., 
2013). However, individuals still need to be creative for a team to perform well. As we 
measured and considered team members perception of their own creativity, our findings can 
help team members and leaders to identify creativity gaps and help human resources 
managers to design training programs and interventions in order to develop some untrained 
creative skills and competencies (DiLiello et al., 2011).  Despite this advantage, future 
studies should analyze creativity through team level measures. 
The creativity measure we used in this study reflects self-perceived creativity and 
creative self-efficacy, which may refer to a fixed characteristic of the person. Despite 
research has shown that team factors influence individuals perception of their own creativity 
(Amabile, 1988; DiLiello et al., 2011), fixed characteristics of the person normally are not 
easily influenced by the environment. We could measure creativity before the teamwork 
experience has started to test its relationship with mental models, conflict and team 
effectiveness.  
Although our study shows that SMM do not impede creative ideas, it is important 
understand when too much overlapping of mental models become disruptive to creativity and 
to team functioning. If all team members have an exact replication of each other’s mental 
models the creation of new solutions and ideas can be threatened (Salas et al., 2005). Future 




In increasingly competitive contexts, teams need to share an understanding about the 
way they work and interact. Simultaneously they need to present new ideas and solutions in 
order to achieve high levels of performance and compete with other teams and organizations. 
Our study provides important implications that should be taking into account by team leaders 
and organizational managers who want that their teams present creative ideas, experience low 
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Due to changing organizational demands, team leaders increasingly need to engage in 
temporal leadership behaviors in order to coordinate team members’ efforts, avoid time 
related conflicts and ensure that teams perform well. Simultaneously, temporal conflicts and 
team performance are impacted by team members’ shared temporal cognitions. In this study, 
we investigate the effect of temporal leadership and shared temporal cognitions on team 
performance via temporal conflict and test whether the impact of temporal leadership on 
temporal conflict may be substituted by shared temporal cognitions. Our study was conducted 
in a management simulation involving 142 teams working on a task over 5 weeks. Results 
suggest that temporal conflict mediates the relationship between temporal leadership and 
team performance as well as between shared temporal cognitions and team performance. 
Further, we found support for the idea that shared temporal cognitions function as a substitute 
of temporal leadership for reducing temporal conflict in teams.  





Over the last decades, organizations have faced a number of changes that pose novel 
challenges for teams in temporally integrating and coordinating their work processes. As the 
organizational contexts in which teams operate have become increasingly competitive, teams 
often have to work under tight deadlines while managing multiple projects at the same time 
(Gevers et al., 2006; Waller et al., 2001). As a result of these challenges, disagreement among 
team members on temporal issues or ambiguity over the temporal coordination of actions 
may arise and create tension and dissatisfaction among members, accumulating in temporal 
conflict (Jansen & Kristof-Brown, 2005; Mohammed & Nadkarni, 2011; Standifer et al., 
2015). Temporal conflict refers to intragroup disputes about time, the duration of a task, and 
the length of time the team should spend on a specific task or goal (Gevers & Petters, 2009; 
Mohammed & Nadkarni, 2011). Previous research has demonstrated that temporal conflict is 
detrimental to a team’s ability to attain high quality outputs in time (Mohammed & Nadkarni, 
2011; Standifer et al., 2015). Thus, in order to ensure that teams perform well, temporal 
conflict in teams needs to be minimized (Cataldo & Herbsleb, 2013; Schmidt, Bienvenu, 
Fitzpatrick, & Amazeen, 1998; Standifer et al., 2015).  
In order to avoid conflict over temporal issues in teams, such as meeting times and 
deadlines, it has become increasingly important to manage the time available to the team and 
its members. In the present study we propose two different solutions for avoiding or 
minimizing temporal conflict in teams, namely, temporal leadership and teams’ shared 
temporal cognitions. Importantly, those two concepts represent different coordination 
mechanisms, an explicit one (temporal leadership) and an implicit one (shared temporal 
cognitions), both allowing team members to manage their interdependencies, avoiding 
conflict, and increasing performance (Rico et al., 2008).  
Temporal leadership refers to “leader behaviors that aid in structuring, coordinating, 
and managing the pacing of task accomplishment in a team” (Mohammed & Nadkarni, 2011, 
p. 492). Temporal leadership is related to the functional leadership approach that postulates 
that leadership should aim to fulfill the team’s needs in order to promote team effectiveness 
(Zaccaro et al., 2001). Mohammed and Nadkarni (2011) operationalized the concept of 
temporal leadership showing that when team leaders employ strong temporal leadership 
behaviors they are able to reduce the problems and/or enlarge the benefits of diversity in time 
urgency (feeling chronically hurried and worried about the passage of time) and pacing style 
(people’s preference for the allocation of time to accomplish tasks under deadlines). When 
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team leaders employ strong temporal behaviors, such as allocation of temporal resources, 
definition of clear schedules and deadlines, and synchronization of activities, they create 
temporal synergies and reduce the problems related to time urgency diversity. In addition, 
strong temporal leadership behaviors convert pacing style diversity into a constructive team 
experience, avoiding team performance breakdowns (Mohammed & Nadkarni, 2011). In 
sum, strong temporal leadership “dynamically adjusts individual work cycles and coordinates 
a team so that work is finished on time” (Mohammed & Nadkarni, 2011, p. 494). 
An alternative, but implicit solution for constraining temporal conflict and ensuring 
high team performance, is the development of shared temporal cognitions (Gevers et al., 
2006; Mohammed & Nadkarni, 2014; Standifer et al., 2015). Shared temporal cognitions 
represent a team’s shared ideas with regard to “the temporal aspects of a specific group task, 
such as the importance of meeting the deadline, (sub)task completion times, and the 
appropriate timing and pacing of task activities” (Gevers et al., 2006, p. 54). When team 
members have similar perspectives about deadlines and there is little ambiguity about the 
timing of actions, this is likely to result in high temporal synchronization and low levels of 
temporal conflict among members. A number of studies have shown the importance of shared 
cognitions for facilitating the coordination of actions among team members and team 
performance (e.g., DeChurch & Mesmer-Magnus, 2010; Mathieu et al., 2000; Santos & 
Passos, 2013; Uitdewilligen et al., 2013).  
Recently, team researchers have called for studies that consider the interplay between 
implicit and explicit coordination mechanisms in order to reveal potential interaction effects 
(like substitution and complementation) on team performance (Espinosa et al., 2004; Rico et 
al., 2008). Specifically, it has been suggested that implicit coordination mechanisms (like 
teams’ shared cognitions) may substitute explicit mechanisms during team interaction (like 
temporal leadership), particularly when teams are under time pressure (Espinosa et al., 2004). 
This idea is also in line with substitutes for leadership theory, suggesting that followers’ 
knowledge and understanding may make leadership redundant (Dionne, Yammarino, Howell, 
& Villa, 2005; Kerr & Jermier, 1978). When team members have strong shared temporal 
cognitions as an internal resource, they do not need their leader to employ strong temporal 
leadership as they already have strong shared ideas for pacing, deadlines, and the alignment 
of task activities, and decreased temporal ambiguity. This renders the need for an external 
source of structuring temporal aspects (i.e., temporal leadership behaviors) less important for 
the team members.  
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In the present study we examine the mediating mechanism of temporal conflict in the 
relationship of temporal leadership (Hypothesis 1) and shared temporal cognitions 
(Hypothesis 2) on team performance. Further, as past research suggests (Nübold, Muck, & 
Maier, 2013; Podsakoff, MacKenzie, & Bommer, 1996), a substitution effect is best tested 
when researchers “examine whether the substitutes variables moderate relationships between 
leader behavior and subordinate criterion variables” (Podsakoff et al., 1996, p. 380). 
Therefore, we analyze the moderating influence of shared temporal cognitions on the 
relationship between temporal leadership and temporal conflict (Hypothesis 3). Thus, we 
analyze whether shared temporal cognitions may function as a substitute for temporal 
leadership in avoiding temporal conflict. Finally, we analyze the interaction effect of 
temporal leadership and shared temporal cognitions on performance via temporal conflict 
with a mediated moderation model (Hypothesis 4). 
The contributions of this paper are twofold. First, our study contributes to leadership 
theory in two ways: By focusing on the temporal aspects of leader behavior and incorporating 
temporality into a leadership construct (Mohammed & Alipour, 2014), we account for the 
changing organizational demands and the increasing need to further understand how temporal 
aspects impact organizational functioning. This may prove especially important as leadership 
research has largely failed to integrate time (in terms of content) in conceptualizations of 
leadership (e.g., Van der Erve, 2004), although leaders play a key role in helping the team to 
be temporally coordinated and achieve high levels of performance. In addition, by 
investigating shared temporal cognitions as a boundary condition of leadership behavior, we 
aim to identify a new substitute for leadership in minimizing temporal conflict in the specific 
context of team cognition and team functioning.  
Second, our study contributes to team research in two ways: By investigating the joint 
effect of teams’ external resources – temporal leadership – and teams’ internal resources – 
shared temporal cognitions – we show how an implicit coordination mechanism may 
substitute an explicit coordination mechanism when reducing temporal conflict in teams and 
improving team performance. To date, no study has investigated the interplay of explicit and 
implicit coordination mechanisms and their joint effect on temporal conflict and team 
performance. Importantly, the power of shared temporal cognitions to substitute for temporal 
leadership also implies that both resources may compensate for the lack of the other, offering 
valuable implications for management and team practice. In addition, and similar to the 
incorporation of temporality in leadership conceptualizations, by focusing on the temporal 
aspects of team functioning (shared temporal cognition and temporal conflict), we advance 
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scholarly understanding of temporal resources and challenges for teams and follow the call 
for more research on a highly neglected issue in team research (Halbesleben et al., 2003; 
Kozlowski & Bell, 2003). 
In sum, as effective time management is one of the most challenging aspects in 
today’s business world (e.g., Clemens & Dalrymple, 2005), our aim to focus on time related 
aspects in the interplay of leadership behavior and team cognition provides researchers and 
practitioners with information and strategies that may help them to synchronize team 
members’ actions, avoid conflict over temporal issues, and to attain high levels of 
performance. 
 
THEORETICAL BACKGROUND AND HYPOTHESES 
 
Temporal leadership, temporal conflict, and team performance 
 
Temporal leadership embodies scheduling of activities, synchronization of activities, 
and allocation of temporal resources to task accomplishment (Mohammed & Nadkarni, 
2011). Although temporal leadership captures the task-oriented leader behaviors focused on 
temporality, temporal leadership is distinct from task-focused leadership (Mohammed & 
Nadkarni, 2011). Task-focused leadership refers to behaviors that aim to facilitate the 
understanding of task requirements, the operating procedures, and the task information 
acquisition (Burke et al., 2006b). Those behaviors involve the standardization of task 
procedures, the definition of performance standards, as well as the establishment of well-
defined task roles, objectives, and communication patterns (Casimir, 2001; Fleishman, 1995; 
Tabernero, Chambel, Curral, & Arana, 2009). Thus, task-oriented leaders are focused on the 
tasks that need to be accomplished to achieve clearly defined goals and performance 
standards (Casimir, 2001; Burke et al., 2006b; Fleishman, 1995). In contrast, temporal 
leadership refers to behaviors like reminding team members of important deadlines, 
prioritizing tasks and allocating time to each task, and urging team members to finish 
subtasks on time. Thus, temporal leadership behaviors specifically refer to the temporal 
aspects of the task (Mohammed & Nadkarni, 2011). 
 The concept of temporal leadership emerged from the need to combine temporal 
activities and team leadership, due to the fact that team leaders increasingly faced temporal 
challenges, such as managing multiple time frames, deciding how fast the team should act, 
synchronizing team members’ actions, and matching the pace of the team with the 
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environment in which it operates (Ancona et al., 2001; Halbesleben et al., 2003; Mohammed 
& Nadkarni, 2011). Team leaders play a crucial role in ensuring that team members’ actions 
are aligned and coordinated so that they can accomplish team goals on time (Murase, Carter, 
DeChurch, & Marks, 2014). Team leaders not only need to provide guidance and temporal 
information, but they also need to ensure that all members understand when tasks should be 
completed, when the outputs need to be delivered to the client, and when important deadlines 
are set. Thus, leaders should urge members to finish subtasks on time and verify whether they 
are doing what they are supposed to be doing and whether they are meeting their deadlines 
(Gevers et al., 2006; Mohammed & Nadkarni, 2011). 
Temporal leadership has been shown to have a positive influence on team 
performance (Maruping, Venkatesh, Thatcher, & Patel, 2015; Mohammed & Nadkarni, 
2011). When team leaders understand the pertinent temporal issues of their task 
environments, they can translate these into clear guidelines for their team members and they 
can develop an integrated and flexible approach for managing the team’s temporal challenges 
and resources (Ancona et al., 2001; Mohammed & Nadkarni, 2011). Consequently, when 
team leaders provide temporal guidance to their teams, they help team members to effectively 
perform (Ancona et al., 2001). Temporal leadership helps team members to align the rhythm 
of their activities with internal and external deadlines, to coordinate the timing of their 
actions, and to accomplish the task efficiently while meeting deadlines (Mohammed & 
Nadkarni, 2011; Waller et al., 2001). Further, temporal leadership helps team members to 
take advantage of the positive effects of intermediate levels of time pressure because team 
members view time pressure as a motivator, and define their plan of action in a way that is 
aligned with their time constraints (Maruping et al., 2015). Thus, temporal leadership 
behaviors help team members to plan their work, manage their time, and achieve high levels 
of performance (Mohammed & Nadkarni, 2011).  
However, over the team lifecycle obstacles may arise that may hinder the team’s 
performance. Temporal conflict is one of those obstacles. The notion of temporal conflict was 
recently introduced by Yang (2009) as a variation of process conflict (Mohammed, Hamilton 
& Lim, 2009; Standifer et al., 2015). Process conflict refers to disagreements among team 
members about the way the task should be accomplished, the progress of those tasks, and 
who is responsible for each task (Jehn, 1997). Temporal conflict is related to the temporal 
aspects of process conflict and refers to intragroup disputes about time, the duration of a task, 
and the length of time the team should spend on a specific task or goal (Gevers & Petters, 
2009; Mohammed et al., 2010). In increasingly competitive organizational contexts where 
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teams need to work together on tight deadlines over periods of weeks or months, it is 
particularly important to understand how temporal conflict may be avoided. Findings about 
temporal conflict suggest that it increases team members’ frustration, leads to ambiguity 
about the temporal aspects of the work, and disrupts coordination. Thus, when teams are 
involved in conflict situations and are not temporally coordinated, team performance is 
negatively affected (Gevers & Petters, 2009; Santos, Uitdewilligen, & Passos, 2015b; 
Standifer et al., 2015).  
Given that temporal conflict may disrupt team performance, temporal leadership 
behaviors that may reduce temporal conflict among team members are particularly important. 
The synchronizing of the team activities is likely to reduce the level of temporal conflict that 
teams experience because it helps to regulate the tasks’ flow, to improve coordination, and to 
align the pace at which team members work to complete individual and team tasks (Bartel & 
Milliken, 2004; Mohammed & Nadkarni, 2011). Further, when team leaders engage in 
temporal behaviors they schedule the team members’ activities and allocate the temporal 
resources of the team (Mohammed & Nadkarni, 2011). Clear schedules and allocation of 
temporal resources are likely to reduce ambiguity about when tasks should be accomplished, 
minimize delays in meeting deadlines, and avoid disagreements about how the team should 
pace the task activities. Further, clear schedules and allocation of temporal resources help 
team members to understand how much time they should spend on each task in order to meet 
the deadlines (Bartel & Milliken, 2004; Mohammed & Nadkarni, 2011; Standifer et al., 
2015).  
In sum, when team leaders employ temporal behaviors, teams experience low levels 
of temporal conflict, thus, helping them to achieve high levels of performance.  
 
Hypothesis 1: Temporal conflict mediates the relationship between temporal 
leadership and team performance. 
 
Shared temporal cognitions, temporal conflict, and team performance 
 
Shared temporal cognitions refer to a shared understanding among the team members 
of the temporal aspects of task execution (Gevers et al., 2006). Team members that share 
temporal cognitions have similar interpretations, expectations and preferences about time and 
deadlines, and are able to interpret temporal cues in an accurate way (Gevers et al., 2006; 
Standifer et al., 2015). Thus, as team members think in a similar way about the temporal 
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aspects of work, they are able to accomplish tasks on time and achieve temporal 
synchronization (Bartel & Milliken, 2004; Gevers et al., 2006).  
Positive relations have been reported between teams’ shared temporal cognitions and 
performance (Gevers et al., 2006; Mohammed & Nadkarni, 2014). Gevers and colleagues 
(2006) examined whether teams that have shared temporal cognitions are better able to meet 
deadlines than teams that have dissimilar temporal cognitions. They found that particularly 
teams that work early on the task (long before the deadline), benefit from having shared 
temporal cognitions (Gevers et al., 2006). Recently, Mohammed and Nadkarni (2014) 
investigated the moderating role of shared temporal cognitions in the relationship between 
polychronicity diversity (i.e., a preference for engaging in several tasks at the same time; 
Bluedorn et al., 1999) and team performance. They found that shared temporal cognitions 
attenuate the negative effects of polychronicity diversity on team performance. In addition, 
they found a strong positive main effect of shared temporal cognitions on performance.  
As described above, empirical findings have shown that temporal conflict has a 
negative effect on performance (Santos et al., 2015a; Standifer et al., 2015). As teams 
disagree about the length of time they should spend on a task and the duration of a task, 
ambiguity about temporal aspects emerges within the team (Gevers & Petters, 2009). The 
ambiguity disrupts temporal coordination so that team members are not able to work on the 
task and accomplish the goals, thus, negatively affecting performance.  
Similar to the proposed effect for temporal leadership, we argue that shared temporal 
cognitions are also able to diminish the level of temporal conflict because temporal 
cognitions function as temporal norms – informal rules that help teams to regulate members’ 
behaviors related to temporal issues, such as deadlines and delays (Janicik & Bartel, 2003). 
Research on team conflict shows that whereas converging norms lead to harmony, divergence 
in norms is likely to result in interpersonal tension and disagreement among team members 
(Jehn & Mannix, 2001). When team members perceive deadlines differently they may 
experience delays in information exchange, which can provoke anger and frustration 
(Guenter, van Emmerik, & Schreurs, 2014). In contrast, when expectations and preferences 
regarding temporal aspects are aligned among team members (i.e., when team members have 
shared temporal cognitions), they are able to synchronize their actions and manage the 
available time efficiently (Janicik & Bartel, 2003), thus, fostering high levels of team 
performance.  
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In sum, when teams share cognitions about the temporal issues they face, they will 
experience low levels of temporal conflict, thereby increasing their performance (Bartel & 
Milliken, 2004; Gevers et al., 2006; Standifer et al., 2015). 
 
Hypothesis 2: Temporal conflict mediates the relationship between shared temporal 
cognitions and team performance. 
 
Temporal leadership, shared temporal cognitions, and temporal conflict 
 
Substitutes for leadership theory suggests that specific individual, task and 
organizational characteristics may negate the leader’s ability to positively or negatively 
influence subordinates’ attitudes and effectiveness (Dionne, Yammarino, Atwater, & James, 
2002; Kerr & Jermier, 1978). In this sense, substitutes are “aspects of the situation that cause 
intervening variables to be at optimal levels” (Yukl, 2010, p. 176) making leadership 
unneeded as it is not the only source of influence on individuals (Dionne et al., 2005). 
Employee characteristics that may function as a substitute for leadership include subordinate 
training or ability, aspects that directly influence subordinates’ performance, regardless of 
leadership behavior (Dionne et al., 2002; Kerr & Jermier, 1978). The idea that followers’ 
competence and knowledge may function as a substitute for leadership has also been 
supported by empirical findings. Podsakoff and colleagues (1996) have shown for example 
that subordinates’ positive perception of their ability, experience, training, and knowledge 
diminishes the beneficial effect of transformational leadership on role clarity. Further, De 
Vries, Roe, and Taillieu (2002) showed that a low need for leadership (derived from 
followers’ evaluation of their skills and competencies) reduces the beneficial effect of 
leadership on followers’ performance. Dionne and colleagues (2002) showed that when task 
variability decreases, leaders’ contingent punishment is more strongly related to team 
effectiveness. Finally, Nübold and colleagues (2013) showed that transformational leadership 
behavior is not needed to promote followers’ motivation and performance when followers’ 
state core self-evaluations are high.  
The idea of followers’ knowledge and competence as a substitute for leadership can 
be easily applied to the context of temporal leadership and to teams that perform specific 
tasks within an environment characterized by tight deadlines and time pressure (Dionne et al., 
2002). The temporal guidance team members need for mutually adjusting their expectations 
and synchronizing their actions in order to experience little temporal conflict may be 
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provided externally by temporal leadership but it may also be derived internally, from within 
the team itself, by the team’s shared temporal cognitions. When team members already have 
the internal resources in the form of knowledge on effective temporal coordination, they do 
not need an additional external resource providing them with temporal guidance (Rico et al., 
2008). In other words, shared temporal cognitions may function as a substitute for temporal 
leadership and may represent an alternative route to low temporal conflict and increased team 
performance.  
Knowledge on a team’s (temporal) competence that may influence leadership 
effectiveness may help leaders to use temporal leadership behaviors more efficiently, that is, 
only in situations in which teams are truly in need of it to reduce temporal conflict and 
enhance team performance. In the case where team members already have high shared 
temporal cognitions, they are not in need of the leader’s temporal guidance and supervision 
(Dionne et al., 2005). When team members have shared temporal cognitions, this helps them 
to anticipate what other team members need and what they will do, which prevents friction 
due to unmet expectations (Guenter et al., 2014; Rico et al., 2008). Team members make 
sense of these temporal issues themselves and negotiate norms and rules in order to avoid 
misunderstandings and conflicts.  
In contrast, when team members’ shared temporal cognitions are weak, they may 
specifically benefit from the guidance of a leader with regard to temporal issues. In this case, 
leaders’ behaviors, such as providing clear indications on how time should be spent, when 
deadlines are due, when meetings take place, and what is expected from the members, may be 
a valuable external support that diminishes a team’s temporal conflicts. The leaders make 
sense of the pertinent issues in the team’s temporal environment and provide the team 
members with a clear temporal structure of when team members should do what and what 
they can expect from each other and in their environment (Zaccaro et al., 2001).  
Interestingly, as temporal leadership and shared temporal cognitions may represent 
different mechanisms that have the same beneficial effect on temporal conflict, they are also 
able to compensate for the lack of the other. When team leaders employ temporal leadership 
behaviors, the leaders ensure that all the members are temporally aligned, agree on the task 
strategies they need to follow, and effectively allocate their temporal resources to their tasks 
(Mohammed & Nadkarni, 2011), thus being able to compensate for the lack of teams’ shared 
temporal cognitions. Conversely, shared temporal cognitions are vital to reduce the level of 
temporal conflict in situations of weak temporal leadership. When team leaders employ few 
temporal leadership behaviors, shared temporal cognitions are particularly important because 
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they help team members to establish temporal norms. So, shared temporal cognitions work as 
an implicit coordination mechanism that may compensate for the lack of temporal leadership 
behaviors in containing temporal conflict.  
In sum, temporal leadership and shared temporal cognitions function as explicit and 
implicit temporal coordination mechanisms that both may reduce the level of temporal 
conflict in teams. We propose that when teams share strong temporal cognitions, they do not 
need the guidance through temporal leadership in order to experience low levels of temporal 
conflict, thus, rendering shared temporal cognitions a substitute for leadership.  
 
Hypothesis 3: Shared temporal cognitions moderate the relationship between 
temporal leadership and temporal conflict in such a way that the effect of temporal 
leadership on temporal conflict is weaker when shared temporal cognitions are high.  
 
Finally, temporal leadership may have a differential effect on team performance via 
temporal conflict depending on the level of shared temporal cognitions (low vs. high). With 
low shared temporal cognitions, temporal leadership reduces the level of temporal conflict 
and, as a consequence, promotes team performance, while with high shared temporal 
cognitions there is no significant effect of temporal leadership on temporal conflict and, in 
turn, performance. The distinct effect of temporal leadership on team performance via 
temporal conflict depending on shared temporal cognitions again demonstrates the role of 
shared temporal cognitions as a substitute for temporal leadership. The research model is 
represented in Figure 4.1. 
 
Hypothesis 4: The joint effect of temporal leadership and shared temporal cognitions 
on team performance is mediated by temporal conflict.  
 
 





Figure 4.1. Research model. The model was tested in two separate analyses. First, we 
analyzed the mediating mechanism of temporal conflict in the relationship of temporal 
leadership (Hypothesis 1) and shared temporal cognitions (Hypothesis 2) on team 
performance. Second, we analyzed the moderating influence of shared temporal cognitions 
on the relationship between temporal leadership and team performance (Hypothesis 3), and 
the interaction effect of temporal leadership and shared temporal cognitions on performance 
via temporal conflict (Hypothesis 4). 
Control variables include team size, task experience, team composition (dummy variables 
‘students’ and ‘mixed’), gender, and age composition. STC = shared temporal cognitions; TL 






A total of 142 teams (650 individuals) participated in this study. All teams were 
enrolled in a national management and strategy simulation over a 5-week period. The teams 
were composed of company workers (46.0%), university students (38.9%), or both (mixed 
teams) (15.1%). Team sizes ranged from three to five members, with an average of 4.68 (SD 
= .59). The majority of teams consisted of five persons (74.5%). The average age was 29 









Data were collected from the participants of a national management and strategy 
simulation. During the simulation each teams run a fictitious company, with the objective of 
getting the highest company share price on the simulated stock exchange. The simulation 
lasted five weeks. Teams managed the company by making decisions about marketing, 
production, personnel, purchasing, and finance. Each team had a leader chosen by the team 
members when they enrolled for the simulation. The program analyzed and compared the 
decisions made by the competing teams and calculated the share price of each enterprise and 
the ranking of the teams. Then, the program produced a management report for each team, 
showing detailed financial results.  
Time and time management were critical elements of the task the teams faced in the 
simulation. Participants of the simulation performed under high levels of time pressure. Every 
week teams needed to make decisions, analyze a large amount of information related to 
various areas of expertise, and coordinate their efforts efficiently to make the best decisions 
and submit them at a pre-scheduled moment. The simulation had very rigid weekly deadlines 




We collected data at three different time moments. Team members answered online 
questionnaires through a link sent to the members by e-mail at two different time moments. 
Participants responded to the questionnaires in week 3 and week 4 before receiving feedback 
about their decisions. Shared temporal cognitions were measured in the third week of the 
simulation. Temporal leadership and temporal conflict were measured in the fourth week of 
the simulation. Performance was measured at the end of the simulation after the fifth week. 
Both performance and the composition variables (used as control variables) were provided by 
the company responsible for the simulation. Collecting data at different time moments 
reinforces causality inferences (Mathieu & Taylor, 2006) and reduces common-method 










Temporal leadership. Seven items from the study by Mohammed and Nadkarni (2011) were 
used and adapted for this research context. On a 7-point scale (1 = never; 7 = always), 
participants (excluding the team leader) indicated how often the team leader demonstrated 
specific behaviors (e.g., “To what extent is your team leader effective in coordinating the 
team to meet goals and deadlines?”). The scale revealed good reliability ( = .92).   
 
Shared temporal cognitions. Shared temporal cognitions were assessed with four items from 
the study by Gevers and colleagues (2006). On a 7-point scale (1 = totally disagree; 7 = 
totally agree), the participants rated the extent to which they agreed with each sentence (e.g., 
“In my team, we have similar ideas about the time it takes to perform certain tasks”). The 
scale revealed good reliability ( = .93).  
 
Temporal conflict. Temporal conflict was measured through a modified three-item scale by 
Yang (2009) based on the original process conflict scale developed by Jehn (1997) and Shah 
and Jehn (1993). On a 7-point scale (1 = never; 7 = always), the participants indicated how 
often each behavior occurred in their team: 1) “How often are there disagreements about how 
long to spend on specific tasks in your team?”; 2) “How often are there disagreements about 
time allocation in your work team (how much time to spend on tasks)?”; 3) “How often are 
there disagreements about how you should pace task activities in your team?”. The scale 
revealed good reliability ( = .92).  
 
Team performance. Team performance was operationalized through the share price at the 
end of the simulation. The share price comprehensively captures the quality of the team 
decisions as it is a function of the appropriateness of the teams’ decisions given the specific 
context in which these decisions were made. Share price given in Euros, was automatically 
calculated and provided by the simulation and was the measure on which teams were 
evaluated. In the beginning of the simulation, all the companies that the teams run had the 
same share price: 1 Euro. The companies’ share price changed over the simulation and the 
share price differed from one company to another, according to the teams’ weekly decisions. 
Share price is a complex outcome measure that combines the decisions on the distinct topics 
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on which team members need to make decisions (e.g., production, finance, and marketing) 
and thereby captures the combined effort of the team as a whole. 
 
Control variables. We included team size, task experience, team composition, as well as 
gender and age composition of the team as control variables in our analyses. We controlled 
for team size (number of team members) because it can impact a team’s ability to develop 
team cognition, and learning processes (Bunderson & Sutcliffe, 2003a; Wheelan, 2009). We 
controlled for task experience (participation in previous editions of the simulation) as this 
may impact team performance (Amason & Mooney, 1999; Passos & Caetano, 2005). We also 
controlled for team composition (company workers, university students, and mixed) because 
it may impact performance as well (Bell, Villado, Lukasik, Belau, & Briggs, 2010; Rico, 
Sánchez-Manzanares, Antino, & Lau, 2012). The categorical variable team composition was 
transformed into two dummy variables (‘students’ and ‘mixed’), using company workers as a 
baseline, since they were the most common teams in the competition. Finally, we also 
controlled for gender (male percentage within the team) and age composition (mean age of 
the members in a team) as it can impact performance (Apesteguia, Azmat, & Iriberri, 2012; 
LePine, Hollenbeck, Ilgen, Colquitt, & Ellis, 2002). 
 
Confirmatory factor analysis. As shared temporal cognitions, temporal leadership, and 
temporal conflict all refer to temporal aspects, we conducted a first-order and a second-order 
confirmatory factor analysis (CFA) in Mplus using the maximum likelihood estimation 
method to distinguish the three constructs (Muthén & Muthén, 2012). The first-order CFA 
resulted in an acceptable, although not perfect model-fit: χ2 (62) = 467.66, p < .001; AIC = 
15253.57; BIC = 15433.89; CFI = .92; SRMR = .06 (Hu & Bentler, 1999; Schreiber et al., , 
2006). A review of the modification indexes revealed the presence of residual covariance 
between items 1 and 4 from the temporal leadership scale. Thus, we tested a second model in 
which we added the residual covariance between those two items (Byrne, 2012). The second 
model showed a good model fit: χ2 (61) = 218.94, p < .001; AIC = 15006.85; BIC = 15191.47; 
CFI = .97; SRMR = .05. The difference in the χ2 values between the two models was 
statistically significant: ∆χ2 = 248.71, ∆df = 1, p < .001. The second model had a good fit to 
the data which was better than the one of the first model. However, a review of the 
modification index revealed the presence of a new residual covariance between items 4 and 5 
from the temporal leadership scale. Therefore, we tested a third model in which we added the 
residual covariance between those two items, showing a good fit to the data: χ2 (60) = 183.44, p 
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< .001; AIC = 14973.35; BIC = 15162.26; CFI = .98; SRMR = .05. The difference in the χ2 
values between the two models again was statistically significant: ∆χ2 = 35.51, ∆df = 1, p < 
.001. The third model fitted the data best of the three tested models.  
Then, we conducted the second-order CFA constraining the variance of the second-
order factor to a value of 1.0 in order to freely estimate all second-order factor loadings 
(Byrne, 2012). The second-order model had a good model fit: χ2 (61) = 211.43, p < .001; AIC = 
14999.34; BIC = 15183.96; CFI = .97; SRMR = .08. The CFA results suggest that temporal 






As the level of analysis in this study was the team level, the individual answers were 
aggregated to the team level (Costa et al., 2013). To justify aggregation, we computed rwg (j), 
an estimate of within-group agreement designed for multiple-item scales. The widely-applied 
cut-off criterion for a good estimate of rwg(j) refers to a mean value equal or above .70 (James 
et al., 1993). However, scholars have classified this criterion as “purely arbitrary” and have 
argued that the major limitation of rwg(j) is “the ambiguity in choosing the most appropriate 
null response pattern (i.e., distribution)” (Biemann, Cole, & Voelpel, 2012, p. 67). Therefore, 
in addition to the mean values we analyzed the degree of agreement in terms of two 
categories (a) lack of agreement or weak agreement and b) moderate, strong, or very strong 
agreement) for each variable. For temporal leadership, the rwg(j) mean value is .72, and 21.9% 
of the values indicate lack of agreement or weak agreement (ranging from .00 to .50), while 
78.1% of the values indicate moderate, strong, or very strong agreement (ranging from .51 to 
1.00) (Biemann et al., 2012). For shared temporal cognitions, the rwg(j) mean value is .78, and 
9.8% of the values indicate lack of agreement or weak agreement, while 90.2% indicate 
moderate, strong, or very strong agreement. For temporal conflict, the rwg(j) mean value is .74, 
and 17.4% of the values indicate lack of agreement or weak agreement, while 82.6% indicate 
moderate, strong, or very strong agreement. As some teams showed lack of agreement or 
weak agreement, we conducted sensitivity analyses, testing our hypotheses with and without 
these teams in order to verify if the results have a similar pattern or are inconsistent (Biemann 
et al., 2012). The analyses without the teams that showed lack of agreement or weak 
agreement (n = 115 teams) showed the same pattern of results as the analysis with those 
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teams (i.e., the total sample; n = 142). Therefore, we “can be more confident that the mixing 
of high and low agreement groups was not a serious enough problem” in our study (Biemann 
et al., 2012, p. 74).   
We also computed intraclass correlation coefficients (ICC). Acceptable values of 
ICC(1) range between .05 and .20. To be acceptable, the values of ICC(2) need to be superior 
to the ones of ICC(1) (Bliese, 2000). All the values were in accordance with the required 
criteria for temporal leadership (ICC(1) = .14; ICC(2) = .43; F(141,440) = 1.74, p < .001), shared 
temporal cognitions (ICC(1) = .12; ICC(2) = .38; F(141,510) = 1.62, p < .001) and temporal 




Table 4.1. provides the means, standard deviations, and correlations for all variables 
at the team level. Significant positive correlations were found between temporal leadership, 
shared temporal cognitions, and performance. Significant negative correlations were found 
between temporal conflict and all the other variables. In all the analyses, task experience, 
team size, team composition, mean age of team members and gender composition of the team 
were entered as controls.  
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Table 4.1. Means, standard deviations, and correlations among all team-level variables  
 
 
M SD 1 2 3 4 5 6 7 8 9 10 
1. Task experience 0.51 0.93           
2. Team size 4.58 0.67 .07          
3. Students 0.41 0.49 -.10 -.17
*
         
4. Workers 0.45 0.50 .16 .01 -.75
***
        






       






 -.12      
7. Male percentage 68.40 25.73 .01 -.14 -.00 .00 .01 .07     
8. Temporal leadership 5.42 0.93 -.04 .03 -.03 .07 -.06 .00 -.14    








   
10. Temporal conflict 2.09 0.78 -.05 .11 .21
*





















n = 142 teams. STC = Shared temporal cognitions. * p < .05; ** p < .01; *** p < .001 
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We used the statistical software Mplus (Muthén & Muthén, 2012) for testing our 
hypotheses. Similar to prior studies (Nübold et al., 2013; Zhou, 2003), we used one-tailed 
significance tests (and 95% confidence intervals) for all analysis because the direction of our 
hypotheses was specified a priori. To analyze the mediation hypotheses, we used Mplus to 
create 5000 bootstrap samples and use 95% confidence intervals (CI) (Preacher & Hayes, 
2008). Hypothesis 1 proposes that temporal conflict mediates the relationship between 
temporal leadership and team performance. The model presented a good fit (Hu & Bentler, 
1999; Schreiber et al., 2006): χ2 (1) = 1.25, p > .05; CFI = 0.99; SRMR = .01. The 
unstandardized parameter estimate showed that temporal conflict significantly mediated the 
relationship of temporal leadership with team performance (.03 [CI = .01, .06], p < .05), 
supporting Hypothesis 1. 
Hypothesis 2 proposes that temporal conflict mediates the relationship between shared 
temporal cognitions and team performance. The model also had a good fit: χ2 (1) = 0.54, p > 
.05; CFI = 1.00; SRMR = .01. The unstandardized parameter estimate showed that temporal 
conflict mediated the relationship of shared temporal cognitions and team performance (.03 
[CI = .01, .07], p < .05), supporting Hypothesis 2. 
To test the moderation analysis as well as the mediated moderation analysis in one 
model, we performed a unified test in Mplus creating 5000 bootstrap samples and using 95% 
confidence intervals (Preacher & Hayes, 2008). Hypothesis 3 proposes a moderating effect of 
shared temporal cognitions on the relationship between temporal leadership and temporal 
conflict. We centered the independent variables and calculated the interaction term, following 
the procedure suggested by Aiken and West (1991). The model presented a good fit (Hu & 
Bentler, 1999; Schreiber et al., 2006): χ2 (3) = 3.28, p > .05; CFI = 0.99; SRMR = .02.  
The results show that team size and the mixed teams dummy significantly predicted 
temporal conflict (B = .22, p < .05; B = -.40, p < .05, respectively). Regarding the main 
effects, temporal leadership (B = -.32, p < .001) and shared temporal cognitions (B = -.23, p < 
.01) were both significantly negatively related to temporal conflict. The interaction effect 
between temporal leadership and shared temporal cognitions was significantly and positively 
related to temporal conflict (B = .22, p < .01). The results indicate that 42% of the variance of 
temporal conflict was explained by the control variables, the main effects of temporal 
leadership and shared temporal conflict, and the interaction effect between these two 
variables (see Table 4.2.). 
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Table 4.2. Results for the interaction effect of temporal leadership and shared temporal 















n = 142 teams. STC = Shared temporal cognitions. ‘Students’ and ‘Mixed’ refer to two 
dummy variables that were built for the categorical variable ‘team composition’. ‘Task 
experience’ and ‘Age’ refer to team means of the respective variables. * p < .05; *** p < .001 
  
As the interaction effect was significant, we graphed it following the procedure 
suggested by Aiken and West (1991) and Dawson (2013). Figure 4.2. shows the regression 
slopes for the effect of high and low shared temporal cognitions on temporal conflict under 
strong and weak temporal leadership (+/- 1 SD above and below the mean, respectively; 
Aiken & West, 1991). When shared temporal cognitions were low, temporal leadership was 
significantly related to temporal conflict (B = -.45, p < .001). This means that when team 
members have low shared temporal cognitions, they benefit from temporal leadership in 
terms of experiencing low levels of temporal conflict. In contrast, in situations of strong 
shared temporal cognitions, temporal leadership was not significantly related to temporal 
conflict (B = -.18, p > .05). That is, teams who share strong temporal cognitions do not 
benefit from temporal leadership as their level of understanding of the temporal aspects in 
their team is already high. Thus, they were not in need of the temporal guidance of their 
leader. Thus, Hypothesis 3 was supported. 
 Temporal conflict 
Variables B SE B R
2
 
Intercept  2.09*** .09  
Task experience -0.07 .06  
Team size 0.22* .09  
Students  0.10 .15  
Mixed -0.40* .17  
Age -0.01 0.01  
Male percentage 0.00 0.00  
Temporal leadership -0.32*** .07  
STC  -0.23* .10  
Temporal leadership x STC 0.22* .09 .42 




Figure 4.2. The interaction effect between shared temporal cognitions (STC) and 
temporal leadership on temporal conflict.  
Note. *** p < .001 
 
The mediated moderation results showed that the joint effect of temporal leadership 
and shared temporal cognitions on team performance mediated by temporal conflict was 
marginally significant (-.02 [-.04, .00], p = .07). As the mediated moderation was significant 
by tendency, we further analyzed this effect by performing a multiple group analysis 
following the suggestion by Hox (2012). In the multiple group analysis, we tested whether 
the mediation effect of temporal conflict would differ between the teams that had weak 
shared temporal cognitions and those that had strong temporal cognitions. We created two 
groups for shared temporal cognitions (strong vs. weak), split on the median (Md = 5.59), and 
compared the mediation effects across these two groups (Fishbach, Friedman, & Kruglanski, 
2003; Hox, 2012; Iacobucci, Posavac, Kardes, Schneider, & Popovich, 2015a). The results 
showed that for the group with weak shared temporal cognitions, temporal conflict mediated 
the effect of temporal leadership on performance (.04 [.01, .07], p < .01). In contrast, for the 
group with strong shared temporal cognitions, temporal conflict did not mediate the effect of 
temporal leadership on group performance (-.00 [-.02, .01], p > .05). We computed the Wald 
Test of Parameter Constraints to analyze if the difference between the mediation effects was 





















B = -.45*** 
1.78 
1.96 
B = -.18 
1.75 
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differed (Wald test = 4.47, df = 1, p < .05). The use of median splits has been criticized by a 
number of scholars for producing Type I error and for the reduction in statistical power 
(McClelland, Lynch, Irwin, Spiller, & Fitzsimons, 2015; Rucker, McShane, & Preacher, 
2015). Nevertheless, we can assume that the median split did not lead to Type I error or to 
misleading results because multicollinearity is absent in our data (Iacobucci et al., 2015a; 
Iacobucci, Posavac, Kardes, Schneider, & Popovich, 2015b). There were no high correlations 
among predictor variables (i.e., the variance inflation factor (VIF) is lower than 2.5 and 
tolerance is higher than 0.1): Shared temporal cognitions as criterion variable: VIF = 1.35; 
tolerance = 0.74; temporal leadership as criterion variable: VIF = 1.28; tolerance = .78; 
temporal conflict as criterion variable: VIF = 0.81; tolerance = 1.23 (Allison, 1999; 




Our study provides two major findings that have important implications for 
researchers and practitioners. First, our study provides insight into the way temporal 
leadership and shared temporal cognitions diminish the level of temporal conflict and benefit 
team performance. Second, our findings suggest that shared temporal cognitions may be a 
substitute for temporal leadership regarding its role of reducing temporal conflict and 
improving team performance. High shared temporal cognitions work as an implicit 
coordination mechanism that helps team members to establish temporal norms, minimize 
temporal conflict, and achieve high levels of performance regardless of the leader’s temporal 
behaviors. When shared temporal cognitions are low, however, temporal leadership may be 
an effective mean to support team members in gaining a shared understanding of temporal 
aspects in their team, thereby lowering temporal conflict and improving team performance.  
Team leadership research has been criticized for neglecting the temporal aspects and 
needs of teams and organizations (Shamir, 2011; Van der Erve, 2004). Over the years, 
researchers have analyzed the relationship between a number of team leaders’ characteristics 
or behaviors and outcomes (Shamir, 2011). However, researchers have failed to integrate 
time as content in team leadership constructs as well as to consider how the relationship 
between leadership inputs and outcomes are time dependent and may change over time 
(Shamir, 2011; Van der Erve, 2004). Although we did not account for the role of time in a 
longitudinal fashion (i.e., in terms of change patterns of our concepts), we incorporated 
temporality in terms of content into a leadership construct (Mohammed & Alipour, 2014). 
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Temporal leadership is particularly relevant for team research because it considers “the 
process by which leaders manage multiple time frames, synchronize member contributions, 
and coordinate work so that deadlines are met” (Mohammed & Alipour, 2014, p. 178). Our 
findings contribute to temporal leadership research showing its effect in reducing temporal 
conflict and promoting team performance. In organizational environments where leaders face 
a number of temporal challenges, such as managing multiple projects at the same time, 
managing people that are often member of different teams, and managing virtual and 
geographically dispersed teams (Murase et al., 2014; Waller et al., 2001), leaders need to 
employ behaviors that help the team to be temporally coordinated and to perform well. 
In a similar vein, Kozlowski and Bell (2003) stated that time is “perhaps the most 
neglected critical issue” in team research and theory (p. 364). Over the last years, significant 
progress has been made on research regarding the role of time-related aspects in teams 
leading to the emergence of a number of temporal constructs (e.g., Gevers et al., 2006; 
Mohammed & Nadkarni, 2014; Mohammed et al., 2015; Santos et al., 2015a; Standifer et al., 
2015). However, researchers neither analyzed the joint effect of different temporal constructs 
on team processes and performance, nor investigated the mediating mechanism of a team 
process (temporal conflict) between temporal predictors (temporal leadership and shared 
temporal cognitions) and performance outcomes. Thus, our study contributes to the 
integration of temporality in team research by demonstrating that temporal leadership and 
shared temporal cognitions reduce the level of temporal conflict and promote performance. 
Interestingly, our findings show that shared temporal cognitions and temporal leadership may 
compensate for the lack of the other. 
Researchers have also criticized the lack of integration of temporality in shared 
cognitive constructs (Mohammed et al., 2012). Nevertheless, in the last years, researchers 
have made efforts to integrate temporality in shared cognitive constructs and they have 
conceptualized and analyzed different constructs, such as shared temporal cognitions (Gevers 
et al., 2006), temporal transactive memory systems (Mohammed & Nadkarni, 2014), and 
temporal shared mental models (Mohammed et al., 2015; Santos et al., 2015a). In the present 
study we focus on shared temporal cognitions analyzing the mechanisms and boundary 
conditions of the effects of shared temporal cognitions on performance (Bluedorn & Jaussi, 
2008; Halbesleben et al., 2003; Waller et al., 2001). Our findings suggest that temporal 
conflict is an important mechanism explaining how shared temporal cognitions impact team 
performance. This provides evidence that there indeed is value in continuing to examine 
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temporal conflict in future research as it functions as a very specific mechanism explaining 
the effects of shared temporal cognitions on team performance.   
Finally, researchers have posited that we need to conduct studies that allow us to 
understand “the boundary conditions under which particular aspects of team leadership affect 
specific mechanisms” (DeChurch, Hiller, Murase, Doty, & Salas, 2010, p. 1081). By looking 
at the joint effects of temporal leadership and shared temporal cognitions on temporal conflict 
and team performance we heeded these calls and provide new insights on substitutes for 
leadership (Kerr & Jermier, 1978). Although there has been a growing number of studies 
identifying individual and task level variables as potential substitutes (e.g., Dionne et al., 
2002; Kerr & Jermier, 1978; Künzle, Zala-Mezö, Kolbe, Wacker, & Grote, 2010; Nübold et 
al., 2013), knowledge on team-level factors that substitute for team leadership is still lacking. 
Researchers have analyzed the effects of various team leader behaviors on team processes 
and performance (e.g., Liu, Hu, Li, Wang, & Lin, 2014; Murase et al., 2014; Zaccaro et al., 
2001); however, researchers have not presented solutions that could ensure that teams 
function and perform well in situations of weak or no leadership. Our findings suggest that a 
specific internal coordination mechanism (shared temporal cognition) may substitute a 
specific kind of team leadership behavior (temporal leadership behavior). 
Moreover, we show that shared temporal cognitions may substitute temporal 
leadership in reducing the level of temporal conflict as well as promoting team performance. 
Our findings suggest that teams do not need temporal leadership when shared temporal 
cognitions are high and that both temporal leadership and shared temporal cognitions can 
compensate for the lack of the other. When team members have shared temporal cognitions, 
they make sense of the similar thoughts they have about the best way to use their time, and 
about the time it takes to perform the tasks to negotiate norms and rules in order to avoid 
misunderstandings and conflicts. Team researchers have long been interested in the interplay 
between explicit and implicit mechanisms of coordination (Espinosa et al., 2004). Teams may 
apply explicit coordination mechanisms, such as planning and leadership, or they may depend 
on the implicit mechanisms of shared cognition to align and integrate their activities into a 
unified whole (Rico et al., 2008). Although theoretical work suggests that both explicit and 
implicit coordination mechanisms can be important for team functioning, research that 
combines both types of mechanisms is lacking.  
As Dionne and colleagues (2005) suggested “important substitutes for leadership can 
and do exist for specific leadership behaviors without eliminating the need for all leadership 
behaviors” (p. 176). Shared temporal cognitions represent an effective mean to substitute for 
Shared mental models and shared temporal cognitions 
 
124 
temporal leadership because both constructs focus on the temporal aspects of the task. 
Therefore, it seems likely that shared temporal cognitions do not function as a substitute for 
other leadership styles to the same extent. In addition, temporal leadership does not exclude 
the need for other leadership styles or functions. In fact, the combination of different 
behaviors or styles may be particularly beneficial for teams’ functioning and performance. 
Both temporal and task-oriented leadership behaviors, for instance, may benefit team 
functioning and reduce both temporal and task conflict because leaders not only provide 
temporal guidance but also provide well-defined task roles, objectives and performance 
standards (Fleishman, 1995; Mohammed & Nadkarni, 2011). Leader performance functions 
may also be beneficial for teams as they facilitate team cognitive, motivational, affective, and 
coordination processes and, in turn, team effectiveness (Zaccaro et al., 2001). Team leaders 
may employ the performance functions and suggest activities and solutions that are 
appropriate for the specific situation the team faces and in accordance with the deadlines and 




Our findings present a number of implications for organizational teams and, in 
particular, for team leaders. The results of our study contribute to the understanding of how 
leaders that employ temporal behaviors help the team to avoid disagreements about the 
temporal aspects of work and, in turn, promote high levels of performance. Leaders should be 
made aware of the importance of the scheduling, synchronization and prioritization of tasks 
and the allocation of time for each task. Team leaders can be trained how to communicate 
these aspects to team members and how to monitor them over time. These temporal behaviors 
help the team members to prioritize tasks and allocate the time to each task, to know and 
agree with each other on the deadlines, when they need to start and finish a task, and how 
much time they need to spend on each task. If the team is temporally coordinated, it is more 
likely to achieve high levels of performance. Temporal agreement and temporal coordination 
is particularly important, for instance when teams need to work under a lot of time pressure 
and meet very close deadlines and when team members work at multiple projects at the same 
time. In those situations, whenever possible, leaders may be assigned to a team based on 
his/her ability to employ temporal behaviors.  
Our findings also help to understand how the understanding about the temporal 
aspects that team members share is important to reduce the level of temporal conflict and 
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foster performance. From the beginning of the team lifecycle, team members should have the 
opportunity to discuss with each other the best way to use their time and to allocate the time 
available to the tasks they need to perform. A discussion about those topics helps the team to 
build a temporal shared knowledge and to agree on the temporal aspects of the work which, 
in turn, helps the team to successfully accomplish the tasks. 
Finally, our results suggest that agreement on temporal issues and team performance 
is not only dependent on team leaders’ behaviors. At different moments, team members or 
team leaders may be responsible for reducing the level of temporal conflict and promoting 
team performance. In situations where the assigned leader has no skills or competencies to 
help the team to avoid temporal conflicts and achieve high levels of performance, the team 
members may decide to discuss with each other the best way to prioritize tasks, to finish the 
tasks on time, or to coordinate the team to meet deadlines. If the team leader feels that he/she 
is not able to help the team and that the team is able to align and integrate the activities itself, 
he/she can ask the team members to discuss with each other the temporal aspects of work to 
ensure that the team is able to accomplish its goals. Thus, team members may help each other 
to provide guidance and temporal information and to verify whether the team is doing what it 
is supposed to be doing. In sum, strong shared temporal cognitions may compensate for the 
lack of high temporal leadership behaviors. 
 
Limitations and directions for future research 
 
In the present study we focused on time as the content of several concepts. Although 
we stressed the added value our study brings for team and team leadership research, future 
studies should also focus on time as a dynamic process (i.e., in longitudinal studies) in order 
to understand the role of time on the different phenomena. It could be analyzed, for instance, 
whether the effect of temporal leadership on temporal conflict and performance depends on 
the specific phase the team is in. Future studies should combine the concept of time as 
integral part of the study concepts and time as a dynamic process inherent in the study design. 
Longitudinal designs should be used to track the changes in team functioning over the team 
lifecycle. Further, future research should explore questions about time in teams; particularly 
in teams for which time (pressure) is an essential building block for their emergence, such as 
rapid response or crisis management teams. 
Our measurement at both the individual and team level showed some limitations. At 
the individual level, our data revealed the presence of residual covariance between items from 
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the leadership scale, which refers to a measurement error in item responses (Byrne, 2012). 
Residual covariance may be related to social desirability of respondents or to a very high 
overlap in item content (Byrne, 2012). Future research should ensure that social desirability 
becomes less problematic, for instance, by increasing the motivation to provide honest 
responses.  
At the team level, our data revealed that for about 10% - 20% of the teams (depending 
on the variable) the rwg(j) were poor (> .50), indicating a lack of or weak agreement among 
team members. Nevertheless, most of the teams had moderate, strong, or very strong 
agreement, and the analyses without the teams that had a lack of agreement or weak 
agreement showed the same pattern of results as the analysis with those teams. Therefore, we 
recommend to adopt a similar approach in future research and conduct sensitivity analyses 
when the results reveal rwg(j) with lack of or weak agreement. In this way, hypotheses can be 
tested with and without those teams that lack or only show weak agreement to verify whether 
the results have a similar or different pattern. Regarding the temporal leadership measure, it 
could be interesting for future research to analyze the dispersion in the evaluation team 
members make about their leader’s temporal leadership behaviors (Boies & Howell, 2006; 
Graen & Uhl-Bien, 1995). According to LMX theory, “leaders do not treat all followers 
identically; rather, they develop different quality of relationships with followers” (Boies & 
Howell, 2006, p. 246). Thus, team leaders may employ different temporal behaviors 
depending on characteristics of the team members. For instance, leaders may more actively 
engage in temporal leadership towards members they perceive to need more temporal 
guidance.  
Further, future research should analyze the consequences and implications for those 
teams that have low agreement in these constructs. Team researchers have predominantly 
focused on similar perceptions team members have about team dynamics phenomena and 
have operationalized these in terms of the mean scores on these variables among the team 
members. However, multilevel theorists argue that dispersion is an inherent property of any 
group-level phenomenon and scholars should go beyond operationalization of mean levels 
and also include dispersion indices in order to fully understand how these phenomena impact 
team outcomes (De Jong, Van der Vegt, & Molleman, 2007; Kozlowski & Klein, 2000; 
Kozlowski & Chao, 2012). 
Despite our approach to separate the different measurements in time, common-method 
variance may be a limitation (Siemsen, Roth, & Oliveira, 2010). Some authors argue that 
common-method variance is not a problem and that the spurious causes of relationships 
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among variables are related to the mixture of methods and constructs and not related to the 
methods themselves (Brannick et al., 2010). However, in order to limit concerns for 
common-method variance, in particular because we use perceptual measures answered by the 




In increasingly complex, dynamic and time pressed organizational contexts, team 
leaders have a crucial role to play in providing team members with important tools to help 
them achieve high levels of performance within strict deadlines. Our study shows that team 
leader behaviors that focus on the temporal aspects of work help team members to reduce 
temporal conflict and achieve high levels of performance. Further, our findings suggest that 
team members’ shared temporal cognitions function as a substitute for temporal leadership. 
That is, if shared temporal cognitions are high, there is no need for temporal leadership in 
order for teams to experience low levels of temporal conflict. This also implies that shared 
temporal cognitions can compensate for the lack of temporal leadership and vice versa in 
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In this study we examined the moderating effect of temporal mental model accuracy on the 
relationship between temporal mental model similarity and team learning. Further, we 
investigated the mediating mechanism of team adaptation in the relationship between team 
learning and performance. The study was conducted in a management simulation involving 
68 teams (319 individuals). We collected data at three time points. The results showed that 
when accuracy is high, temporal mental model similarity is not significantly related to team 
learning; whereas, when accuracy is low, the more similar the team members’ mental models 
are, the less they engage in learning behaviors. This suggests that sharing an inaccurate 
mental model leads to closed minds. In addition, we found team adaptation to mediate the 
relationship between team learning and performance. These findings emphasize the 
importance of temporal mental models in predicting team learning, and the importance of 
team learning for team adaptation and performance. 





Increasingly scholars emphasize that in complex and demanding contexts teams need 
to be able to adapt quickly and appropriately to recurrent changes (Baard et al., 2014; Burke 
et al., 2006a; Rosen et al., 2011). Teams need to adjust their cognitive and behavioral 
processes to allow them to evaluate and analyze situations in order to adjust to them in the 
best way possible (Burke et al., 2006a; Randall, Resick, & DeChurch, 2011; Uitdewilligen et 
al., 2013). Team learning plays a crucial role as an essential, though not sufficient, condition 
for team adaptation (Burke et al., 2006; Rosen et al., 2011). Team adaptation, as a process, 
occurs when a team recognizes that a change happens in the team environment, and is able to 
effectively address the unexpected situation (Baard et al., 2014; Maynard et al., 2015). When 
team members engage in team learning processes, they evaluate and reflect on past 
performance episodes and interpret the consequences of team actions. Therefore, they are 
likely to improve their task and team processes, which enables the team to adapt to novel 
situations, which in turn facilitates performance – the objective criterion that indicates team 
level task accomplishment (Hackman, 1987; Rosen et al., 2011). 
Team learning refers to a team process in which team members ask questions, seek 
feedback, reflect and discuss results, errors, and (un)expected outcomes (Edmondson, 1999). 
A shared understanding about the temporal aspects of work is crucial to promote the team 
learning process. As teams operate in organizational contexts that are systematically 
pressured by time, they are better able to engage in learning behaviors when team members 
share a temporal mental model – common knowledge about deadlines for task 
accomplishment, the pacing or speed at which activities occur, the time available for each 
activity, and the sequencing of tasks (Mohammed et al., 2015; Santos, Uitdewilligen, & 
Passos, 2015a; Standifer & Bluedorn, 2006). A temporal mental model helps teams to 
coordinate their activities according to the time schedule and to anticipate and understand the 
actions of each other based on a commonly shared blueprint of plans and schedules 
(Mohammed et al., 2015; Santos et al., 2015a). 
In this study we focus on the relevance of temporal mental models for team learning. 
We postulate that when team members share a temporal mental model they make an efficient 
use of the team’s time, thereby creating more time for the team to engage in learning 
behaviors (Santos et al., 2015a). The common temporal understanding ensures that team 
members are aligned regarding the temporal demands of the team’s work, such as when 
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deadlines have to be met and how much time is available for each activity (Cannon-Bowers 
et al., 1993). Teams may have a similar temporal mental model – a mental model that is 
similar among team members – and an accurate temporal mental model – a mental model 
that is appropriate for the task according to experts in the respective area (Edwards et al., 
2006). Thus far, researchers have investigated how task and team mental model similarity 
and accuracy interact to predict team adaptation and performance (e.g., Burtscher et al., 2011; 
Marks et al., 2000); however, research on the interactive effects of temporal mental model 
similarity and accuracy is missing. Moreover, a relevant discussion that needs clarification is 
whether teams with a similar but inaccurate temporal mental model are able to learn from 
each other as much as teams in which team members share a similar and accurate temporal 
mental model. We posit that when team members have a similar but inaccurate understanding 
of the temporal aspects of their work, this will keep them from discussing their tasks, 
reflecting on the results and learning from each other.   
To summarize, with this study we contribute to shared mental model literature by 
analyzing the temporal dimension of mental models, and analyzing the interactive effect of 
temporal mental model similarity and accuracy on team learning. Further, we contribute to 
the team learning literature by analyzing the effect of team learning on team adaptation, and 
on performance, as recent theoretical models have suggested (Burke et al., 2006; Rosen et al., 
2011).  
 
THEORETICAL BACKGROUND AND HYPOTHESES 
 
Team learning and temporal mental models 
 
In 2005, the United States faced Hurricane Katrina – one of the most deadly 
hurricanes in the United States’ history (Moynihan, 2007). While Katrina raged through the 
United States, the different teams that worked to save people and to minimize the damages 
failed to coordinate themselves, to learn from each other, and to adapt their responses to the 
unexpected situation and under a lot of time pressure. Additionally, there were a number of 
delays in making the correct decisions, which led to dramatic consequences: aid was not 
delivered in time, people were not evacuated in time because of the delays in providing buses 
to do it, and people were left with no basic supplies (Moynihan, 2007). This example 
demonstrates the negative consequences that may occur when teams fail mostly because team 
members do not establish and maintain congruence in their temporal perceptions 
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(Mohammed et al., 2012). As Moynihan (2007) mentioned, “time is an essential ingredient in 
learning”, and, although learning has occurred during the Hurricane, “learning did not occur 
rapidly enough to dramatically impact the Katrina response” (p. 18). 
The example of how teams dealt with Hurricane Katrina shows the importance of 
congruence in team members’ temporal perceptions in extreme conditions, as well as the 
importance of engaging in team learning behaviors. These two aspects are not only important 
in extreme situations like the Hurricane Katrina. Most of the team work environments are 
increasingly complex, dynamic, and adaptive, and teams are constantly pressured by time. 
Nowadays, people often are member of more than one team, and team members may be 
geographically dispersed and often need to manage multiple projects simultaneously (Ancona 
& Chong, 1999; Waller et al., 2001). Therefore, teams often need to discuss, make decisions, 
and achieve their goals in a short-period of time and under high time pressure (Waller et al., 
2001). Team members planning and setting deadlines is crucial to ensure that teams are able 
to perform their tasks under time pressure and stress, particularly when something 
unexpected happens. In sum, because managing time well is so crucial for team functioning, 
it is important that team members develop a shared and accurate cognitive structure about the 
temporal aspects of their work. 
We analyze the effect of temporal mental model on team learning, arguing that a 
mental model works as a common basis that provides a fertile breeding ground for teams to 
engage in team learning behaviors (Santos et al., 2015a; Tindale et al., 2008), which is related 
to the resource allocation perspective on team functioning (Barnes et al., 2008; Kanfer & 
Ackerman, 1989). Team learning “is a resource-intensive process that detracts from core task 
performance and that consumes time and cognitive resources” (Santos et al., 2015a, p. 719). 
Therefore, teams in which members have a similar and accurate temporal mental model are 
more likely to naturally engage in team learning behaviors without requiring any substantial 
extra effort in the process. When team members have a common understanding about the 
temporal aspects of the work, they are able to communicate ideas and coordinate themselves. 
Thus, team members are able to engage in team learning behaviors using few temporal and 
cognitive resources (Bunderson & Sutcliffe, 2003a). 
A temporal mental model helps teams to coordinate their actions and perform the 
tasks on time, and is particularly important when team members are highly interdependent, 
and need to collaborate and share information continuously (Mohammed et al., 2015). 
Further, a temporal mental model allows team members to anticipate and understand how the 
actions of the other team members fit within the plans and schedules, and to know in advance 
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what other team members need to finish a task on time (Gevers et al., 2006; Standifer & 
Bluedorn, 2006). A similar temporal mental model helps team members to synchronize their 
actions with the actions of other members; while an accurate temporal mental model helps to 
fit the team’ actions with the external temporal demands (Gevers et al., 2006; Mohammed et 
al., 2012, 2015).  
A number of studies have integrated the notion of time in team cognition and team 
processes research (e.g., Gevers et al., 2006; Standifer et al., 2015). Moreover, several 
authors argued that shared mental models should cover not only task and team contents but 
also the temporal aspects of work (Guiette & Vandenbempt, 2013; Mohammed et al., 2012; 
Standifer & Bluedorn, 2006). However, to date there are only two studies (Mohammed et al., 
2015; Santos et al., 2015a) measuring temporal mental models. Mohammed and colleagues’ 
study (2015) operationalized the notion of temporal mental model assessing its discriminant 
validity relative to team and task mental model constructs in predicting team performance. 
The results showed that temporal mental model positively predicted team performance 
beyond task and team mental models. The results also showed that temporal mental model 
positively influenced team performance early on and later on in the teams’ lifecycle. Santos 
and colleagues’ study (2015) investigated whether team learning processes lead to 
performance improvement, and whether this relationship is moderated by the similarity of 
shared mental models. The authors looked at the effects of task, team, and temporal mental 
models. Their results showed that when task and temporal mental model similarity were high, 
team learning processes were positively related to team performance improvement. Thus, 
temporal and task mental models function as a boundary condition for the translation of team 
learning processes into team performance improvement (Santos et al., 2015). 
 
The effect of temporal mental model similarity and accuracy on team learning 
 
 Team members that have a similar temporal mental model have a common vision 
regarding important temporal aspects of work (Mohammed et al., 2015; Santos et al., 2015a). 
When team members have a similar understanding of the timing of their processes, they use 
the team’s time in an effective way, which creates more time for the team to engage in 
learning behaviors. With a temporal mental model, team members are able to time and 
synchronize their actions and activities, and to be aware about the time they have for learning 
behaviors in order to not interfere with other aspects of task execution (Bunderson & 
Sutcliffe, 2003a; March, 1991). Further, teams that have a similar temporal mental model are 
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likely to coordinate their activities, increase the efficiency of their communication, and 
decrease communication and coordination breakdowns, during the team learning process, 
leading them to engage in team learning behaviors (Cataldo & Herbsleb, 2013). The 
reduction in communication and coordination breakdowns lead to the team to engage in team 
learning behaviors because team members are able to efficiently communicate errors, discuss 
them, analyze the information and find solutions for the problems. Further, as team members 
are coordinated, the suggestions, feedback and ideas are voiced at appropriate times being 
more likely to be acquired and accepted by other team members (Kulik & Kulik, 1988).  
Team members need to have similar knowledge about the deadlines, the pacing at 
which activities occur, and the time available for each activity in order to engage in team 
learning behaviors (Gevers et al., 2006; Standifer & Bluedorn, 2006). By sharing this 
temporal understanding, team members are able to more efficiently learn from each other, 
seek feedback, and reflect on results. Furthermore, when they have similar mental models, 
the ideas team members discuss, the feedback they receive and provide, and the changes they 
plan will be aligned with the team plans and deadlines (Gevers et al., 2006). Without a 
similar temporal mental model, team members may answer questions in a way that is not 
related to the tasks they need to accomplish, may seek or give inappropriate feedback, or 
even work and discuss ideas and plans that take into account different deadlines and 
schedules (Tindale et al., 2008).  
 
Hypothesis 1 – Temporal mental model similarity is positively related to team 
learning. 
 
When team members have an accurate temporal mental model, the mental model is an 
appropriate representation of the temporal aspects of the teams’ work (Marks et al., 2000). 
This means that they have a correct understanding about the right priorities, the appropriate 
strategies to accomplish the tasks on time, and the correct amount of time they have for each 
activity. Teams that have an accurate temporal mental model are likely to effectively discuss 
the tasks, provide feedback, and exchange ideas. They are able to optimize the timing and 
synchronization of team learning. Those teams are likely to engage in team learning 
behaviors without interfering with task accomplishment because they are correct about the 
most appropriate time to work on the tasks, when the deadlines need to be met, the exact time 
they have to discuss, and when they need to stop learn from each other and return to their 
tasks in order to accomplish the team goals on time (Edmondson, 1999; Santos et al., 2015a). 
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If team members have an inaccurate temporal mental model, team members may focus on the 
wrong priorities and underestimate (or overestimate) the time they have to accomplish the 
tasks and meet deadlines. Therefore, team members may not engage in team learning 
behaviors when, in fact, they had time to do it, or may engage in team learning behaviors but 
discuss issues very quickly, or may engage in inappropriate learning behaviors to the team’s 
task and goal. 
 
Hypothesis 2 – Temporal mental model accuracy is positively related to team 
learning. 
 
Temporal mental model similarity and accuracy also have an interaction effect on 
team learning. Although we expect that overall temporal mental model similarity is positively 
related to team learning behaviors, if the team members have an inaccurate temporal mental 
model, team members will engage less in team learning behaviors. It is not necessarily 
detrimental for team learning if members initially have dissimilar inaccurate temporal mental 
models. If members disagree on temporal aspects of their task, this can serve as an impetus 
for discussions and clarifications, resulting in reflection and team learning behaviors (Van 
den Boosche, Gijselaers, Segers, Woltjer, & Kirschner, 2011). However, if team members 
agree on an inaccurate mental model this may lead to closed-mindedness where team 
members refrain from engaging in learning behaviors because they incorrectly perceive that 
they already have an accurate mental model. Similarity of mental models may foster rigidity 
as team members may resist letting go of previously established beliefs when these are 
reinforced by others (Gersick & Hackman, 1990).  
Closed-mindedness occurs when team members engage in collective rationalization 
ignoring or resisting to new information and ideas in particular when those ideas are 
inconsistent with the team’s beliefs or challenge the existing ideas (Dijksterhuis et al., 1996; 
Thompson, 2004). Closed-mindedness is a symptom of groupthink (Janis, 1972) – a 
phenomenon that “involves a deterioration of mental efficiency, reality testing, and moral 
judgements as a result of group pressures toward conformity of opinion” (Thompson, 2004, 
p. 130). Teams that have a similar and inaccurate temporal mental model may fail to retest, 
question, or discuss the ideas and assumptions they have about the way they work. Team 
members’ mental models may reach a level of overlap that hinders the team to engage in 
team learning behaviors because “an exact replication [of mental models] would reduce the 
availability of alternative solutions or strategies because of team members’ varying 
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perspectives and understandings” (Salas et al., 2005, p. 566). In sum, when teams have 
inaccurate temporal mental models, they will engage in less learning behaviors when mental 
models are similar than when they are dissimilar.  
 
Hypothesis 3 – The influence of temporal mental model similarity on team learning 
depends on temporal mental model accuracy; the less accurate the mental model is, the 
weaker the relationship between mental model similarity and team learning will be. 
 
Team learning, adaptation, and performance 
 
A number of studies have demonstrated that team learning has a positive effect on 
team performance because by asking questions, discussing errors, and seeking feedback, team 
members can test their assumptions about the way they work, discuss divergent opinions, and 
thereby achieve high levels of performance (Edmondson, 1999; Savelsbergh et al., 2009; van 
Woerkom & Croon, 2009). Teams also need to be able to adapt quickly to recurrent changes 
in order to perform well (Burke et al., 2006a; Uitdewilligen et al., 2013). Often changes 
occurring in team contexts are unexpected. Team learning behaviors help teams to adjust 
their interaction processes, and to evaluate and analyze the changing situations (Rosen et al., 
2011; Uitdewilligen et al., 2013). Through the team learning process, team members evaluate 
past performance episodes, interpret the consequences of team actions, explore different 
perspectives, and proactively develop new strategies (Burke et al., 2006a; Kozlowski & Bell, 
2008). Those learning behaviors facilitate teams in changing and improving their working 
methods, which is an important requirement for team adaptation (Kozlowski & Bell, 2008; 
Rosen et al., 2011). Thus, when teams engage in team learning behaviors they acquire, 
combine, and share knowledge that allows them to work in a coordinated way, and to behave 
adaptively (Rosen et al., 2001). As adaptation is crucial for performance, especially in 
dynamic contexts, teams that behave adaptively achieve high levels of performance because 
they adapt the way they work, use new ideas to deal with problems, and think about 
alternative solutions in short periods of time (Marques-Quinteiro et al., 2013; Maynard et al., 
2015). So, teams that effectively engage in team learning behaviors are able to exchange 
information and ideas about the way they perform in previous task episodes, and integrate 
new with previous information to overcome the obstacles. They are able to adapt the methods 
they use according to the unexpected situations they face. Then, they achieve high levels of 
performance. 




Hypothesis 4 – Team adaptation mediates the relationship between team learning and 
team performance. 
 




Figure 5.1. Research model and hypotheses. Solid arrows represent direct effects (H1 and 
H2). Dashed arrow represents the moderation effect (H3). Dotted arrow represents the 






A total of 68 teams (319 individuals) participated in this study. All teams were 
enrolled in a national management and strategy simulation for a 5-week period. The teams 
were composed of workers (45.1%), or university students (36.4%), or a mix of workers and 
students (18.5%). The teams consisted of three to five persons with an average team size of 
4.76 persons (S.D. = 0.51). The average age of the members was 31 years (S.D. = 8.88) and 
66.5 percent of the members were male.  
Worker teams’ participants had a degree in engineering (38.2%), finance, economics 
or accounting (26.4%), management (20.1%), or other (15.3%). Participants from mixed 
teams had a degree in management (27.5%), finance, economics, and accounting (26.1%), 
engineering (26.1%), or other (14.3%); 5.8% of participants did not provide information 
about their degree. University students were completing their bachelor or master degree in 
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management (57.0%), engineering (20.7%), finance, economics or accounting (12.4%), or 




Data were collected from the participants of the Global Management Challenge® 
(GMC®) developed by a company specialized in developing business simulations 
(http://www.worldgmc.com). The GMC® consists of a management and strategy simulation 
in which each team runs a company, with the objective of getting the highest company share 
price on the simulated stock exchange. Most of the teams are sponsored by their employer 
organization or by large organizations that sponsor GMC® within their scientific and cultural 
patronage policy. In fact, many top companies encourage their employees to take part in it. 
Companies that sponsor teams formed by their own employees use the simulation as a 
training experience to promote the development of employees’ skills about management, 
decision making in changing and complex environments, and teamwork. Students use the 
simulation as a way to acquire skills and competencies of business operations related to 
running a company (e.g., marketing, human resources, and production). As GMC® 
participants needed to apply for take part of the simulation, and they were free to assemble 
their own team, some team members may know each other beforehand from their university 
(for student teams), or from their jobs (worker teams).  
An incentive is offered in the simulation. The winning team of the national final of the 
GMC® wins an Intercontinental trip for each team member and represents the country in the 
international final of the simulation against the winning teams of the other countries. Similar 
simulations have been used by others researchers (e.g., Costa et al., 2014; Marques-Quinteiro, 
Passos, & Curral, 2014; Mathieu & Rapp, 2009; Santos & Passos, 2013). 
Teams were organized into groups (each group with a maximum of 8 teams). Each 
group comprised a competitive market, in which the teams had to compete with one another 
in a common business environment (the “group”) to achieve the highest share price. Teams 
managed the company by making decisions, once a week over five weeks, about marketing, 
production, human resources, purchasing, and finances. A simulator analyzed and compared 
the decisions made by the various competing teams, and calculated the share price of each 
enterprise and the ranking of all teams after each team made their decision. Then each team 
received feedback about their decisions through a management report the simulator produced 
showing the detailed results in financial and operational terms. The competition simulates a 
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year and a quarter of each company’s activity, and each week corresponds to one quarter of 
year.  
Team adaptation is important in this context because teams need to adapt their strategy 
in accordance with their performance and other teams’ performance because they compete 
with one another to achieve the highest share price. Further, over the simulation unexpected 
events can occur in companies that teams manage, such as, strikes and absenteeism, or even 
world events, such as, wars and physical disasters. Thus, teams need to develop the ability to 




Team members answered three different on-line questionnaires during the simulation. 
The link to the questionnaires was sent to the team members by e-mail at different weeks of 
the simulation, two days after the beginning of each weekly task. A reminder was sent to the 
participants one day before the deadline to submit the weekly decision. The questionnaires 
were available until the moment in which teams had to submit their weekly decision. 
Participants answered to the questionnaires in week 3, week 4 and week 5 before receiving 
the management report. Temporal mental model was measured in the third week of the 
simulation. Team learning was measured in the fourth week of the simulation. Team 
adaptation and performance were measured at the end of the simulation after the fifth week. 
Performance and composition variables were provided by the company responsible for the 
simulation. This longitudinal procedure reinforces causality inferences (Mathieu & Taylor, 




Temporal mental model. To operationalize the temporal mental model, we created four items 
for the specific context. By means of a detailed task analysis of the simulation and with the 
help of a group of company managers who develop the simulation, we derived four sentences 
for understanding the temporal aspects of the simulation (Mathieu & Rapp, 2009; 
Uitdewilligen et al., 2013). Then those four sentences were paired among each other resulting 
in six pairs of sentences. A list of pairs of sentences is provided in the Appendix C. We asked 
each team member to rate the relatedness of the pairs of statements on a 7-point scale (1 = the 
sentences are not related to 7 = the sentences are extremely related).  
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Shared mental models may be measured through different techniques: content (i.e., 
the focus of mental models), elicitation of content (i.e., the content or components of the 
mental model), structure representation or structural networks (i.e., the way as the content of 
mental models is cognitively organized), and representation of emergence (i.e., the 
representation of the team-mental model as a collection of individuals’ mental models) 
(Mohammed et al., 2000). The procedure we used to operationalize the temporal mental 
model – structural representation using pairwise ratings – is used most generally and 
considered most valid in mental models research (Resick et al., 2010b). Consistent with Lim 
and Klein (2006), we asked participants to evaluate the relatedness between pairs of brief 
sentences. This pairwise rating procedure is a way to analyze the network of relationships 
among key temporal aspects of the simulation associated with the achievement of the team 
goal (Resick et al., 2010b).  
 
Temporal mental model similarity. To calculate temporal mental model similarity, we used 
UCINET (Borgatti et al., 2002), following the procedure developed by Mathieu and 
colleagues (2000). This network-analysis program provides a similarity measure based on 
Pearson's correlations. As each team member evaluated six pairs of sentences, the first step 
was to make a matrix for each team containing the individuals’ matrices (i.e., the individuals’ 
evaluation of the pairs of sentences). Next, we used UCINET to calculate the similarity 
among the six pairs of sentences of all team members, for each team-level matrix. This 
similarity index ranged from −1 (complete disagreement) to 1 (complete 
agreement/sharedness). The six similarity values were also displayed in a matrix. The mental 
model similarity index of each team was then calculated based on the average of the six 
similarity values. 
 
Temporal mental model accuracy. To obtain an assessment of mental model accuracy, we 
asked 12 expert-members (members who had won previous editions of the simulation) to 
answer to the same mental models items. To analyze the reliability of our mental model 
accuracy measure we computed the intraclass correlation coefficient (ICC) (Rankin & Stokes, 
1998). The estimated reliability score across raters is 0.85 with a 95% confidence interval of 
CI lower bound: 0.70, CI upper bound: 0.94 (Rankin & Stokes, 1998), supporting the reliability of the 
measure. We calculated individual mental model accuracy for each item by calculating the 
absolute difference between each team member’s response and the average response value 
obtained by the experts (Webber et al., 2000). To calculate the levels of mental model 
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accuracy for each team, we averaged the individual team member mental model accuracy 
scores. The mental model accuracy index ranges from 0 (completely accurate mental models) 
to 6 (completely inaccurate mental models). Values were recoded in a way that the lowest 
values corresponded to more inaccurate mental models and the highest values corresponded 
to more accurate mental models.  
 
Team learning. Team learning was measured using the 15 items of Savelsbergh and 
colleagues (2009) that cover the following dimensions: co-construction of meaning, 
exploring different perspectives, error analysis, and error communication. On a 7-point scale 
(1 = totally disagree; 7 totally agree), the participants rated the extent to which they agree 
with each sentence (e.g., “Team members collectively draw conclusions from the ideas that 
are discussed in the team”). A confirmatory factor analysis (CFA) was implemented by 
Mplus (Muthén & Muthén, 2012) which presented a goodness-of-fit index as all indices fell 
within acceptable ranges (Hu & Bentler, 1999; Schreiber et al., 2006): χ2 (91) = 1574.34, p = 
.00; RMSEA = .00; CFI = .94; TLI = .93; SRMR = .03. The internal consistency of the scale 
was very good ( = .98). 
 
Team adaptation. Ten items adapted from the study by Pulakos and colleagues (2002) were 
used to measure team adaptation (Marques-Quinteiro et al., 2013). On a 7-point scale (1 = 
totally disagree to 7 = totally agree), the participants rated the extent to which they agreed 
with each sentence (e.g., “My team was effective in quickly developing plans of action for 
dealing with unpredictable situations”). The internal consistency of the scale was very good 
(.98). 
 
As team learning and team adaptation were highly correlated, we conducted a CFA in 
Mplus to distinguish the two constructs (Muthén & Muthén, 2012). In the first model all 
variables were modeled as indicators of a single factor: χ2 (252) = 1249.55, p = .00; AIC = 
1727.19; BIC = 1890.10; RMSEA = .00; CFI = .66; TLI = .63; SRMR = .11. In the second 
model team learning was modeled as a single factor, and team adaptation was modeled as 
other single factor: χ2 (251) = 539.80, p = .00; AIC = 1019.44; BIC = 1184.62; RMSEA = .00; 
CFI = .90; TLI = .89; SRMR = .04. Although the fit of the second model was not perfect, 
because of the CFI and TLI values that were not above .95 (Schreiber et al., 2006), it 
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presented a better goodness of fit than the first model suggesting that team learning and team 
adaptation are distinct constructs (Hu & Bentler, 1999).  
 
Team performance. Team performance was operationalized as the share price at the end of 
the simulation. The share price comprehensively captured the quality of the team decisions, 
as it was a function of the appropriateness of the teams’ decisions given the specific context 
in which these decisions were made. Share price was given in Euros, was automatically 
calculated by the simulation, and was the measure on which teams were evaluated. Share 
price was a complex outcome measure that combines the decisions on the distinct topics on 
which team members need to make decisions (e.g., production, finance, and marketing), and 
thereby captured the combined effort of the team as a whole. 
 
Control variables. We included team size, task experience, team familiarity, team 
composition (workers, university students, and both), and the group in which teams compete 
as control variables in our analyses (Humphrey et al., 2009; van Knippenberg & Schippers, 
2007). We controlled for team size because this can impact the teams’ learning processes, and 
the ability to construct accurate and similar mental models. Team size was measured as the 
number of team members. We controlled for task experience because it may impact on team 
learning and team performance. Task experience was measured as the number of 
participations in previous editions of the competition. We controlled for team familiarity 
because this can impact the ability to construct similar and accurate mental models. Team 
familiarity was measured as the percentage of team members that already knew each other 
before the start of the simulation. We operationalized team composition by transforming the 
categorical variable into two dummy variables, using the workers as a baseline, since they 
represented more teams in the competition. We controlled for the group because in this 
simulation the teams were nested within groups. The different characteristics of each group 






As the level of analysis in this study was the team, all individual survey responses 
were aggregated to the team level for further analysis (Costa et al., 2013). To justify 
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aggregation, we computed rwg(j) (James et al., 1993), designed for multiple-item scales, and 
intraclass correlation coefficients (ICCs) (Bliese, 2000). All the mean values of rwg(j) were in 
accordance with the required criteria (rwg(j) >.70), as well as the values of ICCs: Team 
learning (rwg(j) = 0.83; ICC(1) = 0.19; ICC(2) = 0.52; F(66,246) = 2.09, p = .00); team adaptation 




Table 5.1. provides the means, standard deviations, and the correlations for all study 
variables at the team level. A significant positive correlation was found between team 
learning and adaptation (r =.67, p < .01), as well as between team adaptation and 
performance (r = .31, p < .05) A non-significant correlation was found between team learning 
and team performance (r = -.14, p = .27). We continued with the analysis because an input 
variable (team learning) could indirectly affect an outcome (team performance), even when 
there is no association between input and outcome variables, through an intervening variable 
(team adaptation) (Hayes, Preacher, & Myers, 2011).  
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Table 5.1. Means, standard deviations, and correlations among all team-level variables 
 
 M SD 1 2 3 4 5 6 7 8 9 10 11 
1. Team size 4.67 0.59            
2. Task experience 0.55 0.97 .09           
3. Familiarity 78.43 26.19 -.23 -.04          
4. Students   -.10 -.07 .31
*         
5. Workers   -.06 .10 .16 -.70
**        
6. Students & Workers   .20 -.05 -.60
** -.35** -.42**       
7. Group   .10 .07 .08 .05 -.06 .02      
8. Temporal mental model similarity 0.42 0.40 .10 -.16 -.08 .01 -.15 .19 .08     
9. Temporal mental model accuracya 1.04 0.37 .09 -.09 -.17 .02 -.16 .18 .04 .15    
10. Team learning 5.64 0.68 -.06 -.09 -.09 -.13 .12 .01 -.14 -.11 .16   
11. Team adaptation 5.76 0.63 -.15 -.13 .02 -.19 .22 -.05 -.14 -.11 .14 .67
**  
12. Team performance 2.07 0.19 -.06 .00 -.19 -.28
* .12 .19 -.07 -.11 -.05 .14 .31* 
 
 
Note. n = 68 teams, ** p < .01, * p < .05. 
a 
For individual participants the mean was 1.05, and the standard deviation was 0.47. Results for the Kolmogorov-Smirnov test 
for normality indicated that temporal mental model accuracy distribution deviated significantly from a normal distribution (K-S test: D = 0.13, p < .05). 
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To analyze the direct effect of mental model similarity (hypothesis 1) and accuracy 
(hypothesis 2) on team learning, as well as, the moderating effect of mental model accuracy 
on the relationship between mental model similarity and team learning (hypothesis 3) we 
performed a step-wise hierarchical multiple regression. Mental model similarity and accuracy 
were centered, following the procedures suggested by Aiken and West (1991). The block of 
control variables was entered in the first step and it was not significantly related to team 
learning (R
2 
= -.05, F(6,66) = 0.53, p = .78). The addition of the main effects for mental model 
similarity and accuracy at step two did not explain incremental variance in team learning 
(∆R
2 
= .05, F(8,66) = 0.79, p = .62). There was no main effect of mental model similarity (B = -
0.24, t = -1.13, p = .27) nor of accuracy (B = -0.33, t = -1.43, p = .16) on team learning. Thus, 
hypotheses 1 and 2 were not supported. The addition of the interaction between mental model 
similarity and accuracy at step three explained a significant amount of incremental variance 
in team learning (∆R
2
 = .14, F(9,66) = 2.00, p = .05). The interaction effect of mental model 
similarity and accuracy on team learning was negative and significant (B = 2.15, t = 3.27, p = 
.00) (see Table 5.2.). 
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Table 5.2. Regression results for the interaction effect of temporal mental model similarity 




n = 68 teams. MM = mental model. * p < .05; ** p < .01; *** p < .001. 
 
As the interaction effect was significant, we estimated and graphed the conditional 
indirect effects to represent high and low levels of mental model accuracy (one standard 
 Team learning 
Variables B SE B F R
2
 ∆R2 
Step 1: Controls   0.53 0.05  
Intercept  5.74*** .18    
Team size  -0.07 .15    
Task experience -0.07 .09    
Team familiarity -0.00 .00    
Students  -0.17 .19    
Students & Workers -0.16 .28    
Group -0.00 .00    
Step 2: Main effects   0.79 0.10 .05 
Intercept  5.73*** 0.17    
Team size  -0.06 .15    
Task experience -0.07 .09    
Team familiarity -0.00 0.00    
Students  -0.18 .19    
Students & Workers -0.15 .28    
Group -0.00 .00    
Temporal MM similarity -0.24 .22    
Temporal MM accuracy 0.33 .23    
Step 3: Interaction effect   2.00* 0.24 .14 
Intercept  5.61*** .17    
Team size  0.01 .14    
Task experience -0.09 .08    
Team familiarity -0.01 .00    
Students  -0.22 .17    
Students & Workers -0.37 .27    
Group -0.00 .00    
Temporal MM similarity -0.35 .20    
Temporal MM accuracy 0.53* .22    
Temporal MM similarity x 
Temporal MM accuracy 
2.15** .66    
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deviation above the mean and one standard deviation below the mean, respectively; Aiken & 
West, 1991; Dawson, 2013). Figure 5.2. shows the interaction effect of mental model 
similarity and accuracy on team learning. The effect of temporal mental model similarity on 
team learning was positive and non-significant in a high temporal mental model accuracy 
condition (B = 0.45; t = 1.55; p = .13). By contrast, the effect of temporal mental model 
similarity on team learning was negative and significant in a low temporal mental model 
accuracy condition (B = -1.15; t = -3.37; p = .00). These results showed that with low levels 
of temporal mental model accuracy the influence of temporal mental model similarity on 
team learning was negative. Hypothesis 3 was supported. 
 
 
Figure 5.2. Moderation effect of temporal mental model accuracy between temporal mental 
model similarity and team learning. MM = Mental model. *** p < .001. 
 
To analyze the mediation effect of team adaptation between team learning and 
performance we used the statistical software Mplus (Muthén & Muthén, 2012). We 
conducted a path analysis with 5000 bootstraps and 95% confidence interval (CI) (Preacher 
& Hayes, 2008). This mediation model was a saturated model, which means that the number 
of free/estimated parameters equals the number of known values/data points, indicating that 
the model has zero degrees of freedom (Byrne, 2012). For that reason, the overall model fit 
information was not available. The unstandardized parameter estimate showed that team 
adaptation positively mediated the relationship of team learning with performance (.06 [CI 
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lower bound = .03, CI upper bound = .12], p < .05). Hypothesis 4 was supported. Figure 5.3. shows 




Figure 5.3. Final model representing the results for the hypotheses (unstandardized 
parameters). In the mediation model, regular numbers represent unstandardized coefficients 
obtained when modeling mediation. Bold number represents the indirect effect of team 
learning on performance including team adaptation. MM = Mental model. *** p < .001, ** p 




Organizational teams are systematically and increasingly pressured by time. Teams 
need to deal with time pressures and engage in team learning behaviors. We found that when 
temporal mental model similarity is high and accuracy is low teams engage in less learning 
behaviors. We also found that team learning is an important booster for team adaptation and 
performance. Our findings offer important contributions for team research providing insight 
into how temporal mental models relate to team learning, and into the role team learning 
plays promoting team adaptation and performance.  
Our research advances knowledge about shared mental models and their effects on 
team learning process. Thus far, researchers have focused on task mental models (a shared 
understanding about work objectives, and task duties) and on team mental models (a shared 
understanding about interpersonal interaction, and team members’ skills) (Mathieu et al., 
2000), neglecting the shared knowledge about the temporal aspects of work. The absence of 
the temporal dimension of shared mental models hinders researchers to understand how the 
knowledge about when the tasks should be done may benefit team processes and outcomes 
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(Mohammed et al., 2012). Our research represents a first step on temporal mental models 
research showing that a similar and inaccurate mental model leads teams to engage less in 
learning behaviors.   
Our findings suggest that there is neither a direct link between temporal mental model 
similarity and team learning, nor a direct link between temporal mental model accuracy and 
team learning. Our findings suggest that a similar or an accurate temporal mental model is not 
enough to promote the engagement of team members in team learning behaviors. Our 
research may suggest that when team members have a similar or an accurate understanding 
about the deadlines they need to meet and the time available for each activity, team members 
trust in the way each other work and accomplish the tasks. Therefore, they do not 
communicate the things they do, and do not analyze the information together to find solutions 
for problems or new ways to perform the tasks because they think they are correct. Even 
when team members make mistakes or have some doubts, team members may not want to 
share their errors or questions in order to avoid disruptive conflicts (Thompson, 2004).  
Nevertheless, our findings suggest that when teams have a high similar and low 
accurate mental model they are not able to engage in learning behaviors. This means that 
team members ignore new information or ideas that challenge the ideas they strongly and 
incorrectly share, and are not willing to discuss the errors they made or the problems that 
occur over the team lifecycle. Therefore, shared cognition can lead to closed-minds when the 
knowledge the team members share is incorrect. When team members have a high accurate 
temporal mental model, they engage in learning behaviors whether they have a low or high 
similar mental model. As those team members are correct about the most appropriate time to 
work on the tasks and to discuss the problems, they are able to learn from each other without 
time pressure and without interfere with the task accomplishment. Therefore, the knowledge 
about the temporal aspects does not need to be highly shared by all the team members in 
order to engage in learning behaviors, but the knowledge needs to be correct. Team members 
do not know whether their mental model is accurate or not. However, when team members 
have a similar but incorrect temporal mental model they may overestimate the quality of their 
own cognition. Thus, they ignore ideas and suggestions that challenge the way they think 
(Thompson, 2004). Team members may think there is no need to learn and improve their 
strategy because the way they work is correct and sufficient to accomplish the task goals. 
Team members need to have an accurate temporal mental model in order to engage in team 
learning behaviors. 
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Our findings suggest that when the shared knowledge is incorrect, a highly similar 
mental model may be disruptive for team functioning. One of the main benefits of teamwork 
is the diversity of points of view, ideas, and skills of the team members (Kozlowski & Ilgen, 
2006). With an extremely overlap mental model, the diversity benefits may disappear or not 
emerge in teams. Although team members share a mental model, they should have different 
perspectives and perceptions on temporal and/or task issues in order to stimulate the 
discussion about the relevant aspects of team work. If team members do not discuss about 
and question important aspects of the work, teams may crystalize and they neither update 
their working methods, nor adapt to (un)expected changes. The effect of an extreme 
overlapping of mental models on team processes, and even on performance, is a question that 
deserves attention in future research.  
Finally, our research extends knowledge about the effect of team learning on 
adaptation and performance. Researchers have argued that by engaging in team learning 
behaviors, team members evaluate past performance episodes, and develop new strategies to 
overcome previous errors, promoting the team adaptation process, and in turn performance 
(Burke et al., 2006a; Kozlowski & Bell, 2008; Rosen et al., 2011). However, there is a lack of 
empirical work that supports the recent models of team adaptation (Burke et al., 2006a; 
Rosen et al., 2011). Our research suggests that, indeed, teams that engage in team learning 
behaviors are able to adapt to changing situations and achieve high levels of performance 
because those behaviors in which engage result in knowledge that is embedded inside the 




Our study also offers implications for organizational, business, and managing teams.  
Our findings show that team members should develop and share correct temporal 
perspectives about the way they work. In the beginning of the team lifecycle is important that 
team members discuss and share ideas about the best way to allocate the time available for 
each team activity, plan the work that each team member needs to perform, establish a plan of 
week activities and agree about time needed to make the weekly decisions. Importantly, 
whenever possible team members should discuss and share their ideas with someone expert 
in the task in order to ensure that the knowledge the team members share is correct. This way 
teams are likely to share an accurate temporal mental model. Furthermore, team members 
need to be instructed that over the team lifecycle they should discuss the previous task 
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episodes, to explore different perspectives to accomplish the tasks, and communicate and 
analyze errors that they made in past episodes. If teams know the importance of engaging in 
these learning behaviors, they are likely to effectively adapt their strategies and procedures, 
and in turn achieve high levels of performance. 
In addition, to avoid a mental model extremely similar and overlapping teams may 
institute a team member, or even a person outside the team, that plays the role of “devil’s 
advocate”. This person would review, retest and question the ideas and assumptions team 
members have about the way to work, and how and when to work, spotting defects to them. 
The main goal of the devil’s advocate is to falsify the reality and stimulate the debate among 
team members in order to promote the discussion of different ways to think about the tasks 
and perform them (Thompson, 2004). The devil’s advocate may help teams to engage in 
learning behaviors, and in turn to appropriately adapt the way they work and to accomplish 
the tasks with success. 
 
Limitations and directions for future research 
 
This research was conducted with teams enrolled in a management simulation. 
Although team members worked together for more than five weeks and participated in a 
dynamic competition, which required them to deal with complex decision-making and to 
focus on several indicators to reach a specific objective, the teams were artificial. However, 
other authors have also used artificially created teams in their research (e.g., Edwards et al., 
2006; Mathieu et al., 2000). As with real teams in authentic organizations, teams are highly 
pressured by time to make decisions, which demand high levels of coordination and 
interaction. In particular, in the management simulation teams need to make decisions every 
week, analyze a large amount of information related to various areas of expertise, and 
coordinate their efforts efficiently to make the best decisions and submit them at a pre-
scheduled moment. The simulation has very rigid weekly deadlines after which teams are not 
able anymore to submit their decision. 
Since all measures were obtained from team members, we were aware there could be 
possible problems regarding common-method variance (Siemsen et al., 2010). To deal with 
this, we collected data in different time moments over the five weeks (Brannick et al., 2010; 
Spector, 2006). However, some authors argue that method variance is “an urban legend” 
(Brannick et al., 2010, p. 408), and that the spurious causes of relationships among variables 
are related to the mixture of methods and constructs and not related to the methods 
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themselves (Brannick et al., 2010; Lance et al., 2010). In our study, although team learning is 
significantly correlated to team adaptation, a CFA showed that these two variables are 
different constructs. Thus, the common method variance threat is minimized in our study. 
Future studies should analyze the three dimensions of shared mental models 
longitudinally. It is important understand whether teams engage in learning behaviors 
differently depending on the different dimensions of mental models, and whether the 
development of one mental model dimension influences the development of other dimension. 
This question is particularly important because a recent paper suggests that the different 
dimensions of mental models do not develop at the same time and that the development of 
one dimension may influence the development of another dimension (Maynard & Gilson, 
2014). 
A challenge when assessing mental model accuracy is to precisely specify an optimal 
model to use as referent for assessing the accuracy of participants’ mental models. In this 
study, experts were participants who won previous editions of the simulation. Although we 
compared the team members’ mental model with the experts’ mental model, the temporal 
mental model of the individuals who won a previous edition of the simulation may not be the 
correct one. They might have won despite having had weak temporal mental models. Future 
studies may use a wider variety of referent models, including previously successful teams but 
also subject matter experts, such as the simulation developers or researchers that are familiar 




Although shared mental model research has been prospering over the last decades, 
researchers have neglected the temporal dimension of mental models. By analyzing the joint 
effect of temporal mental model similarity and accuracy on team learning, our research 
suggests that when teams have a similar but inaccurate temporal mental model, they engage 
less in team learning behaviors. Those teams are likely to be closed-minded, which hinder 
them to accept new ideas or solutions. Further, our findings suggest that team learning fosters 
team adaptation, and consequently team performance. Our study provides important insights 
for researchers and practitioners who aim to provide teams with tools for adapting to 
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In this longitudinal study we integrated a team process and a learning curve perspective on 
team learning and empirically analyzed whether team learning processes lead to performance 
improvement. In addition, we tested whether this relation is moderated by the similarity of 
team members’ task, team, and temporal mental models. We tested our model on a sample of 
67 teams (314 individuals) competing in a management simulation over five consecutive time 
periods, using random coefficient modelling. Our findings suggest that team learning 
behaviours do not have a direct effect on the team learning curve, but temporal and task 
mental models are crucial for the translation of team learning behaviours into performance 
improvement. We found that when teams have similar task and temporal mental models, 
engaging in team learning processes is beneficial; whereas, when teams have dissimilar task 
and temporal mental models, it is detrimental to performance improvement. We did not find a 
significant effect for the moderating role of team mental model similarity. Our study 
emphasizes the importance of integrating different perspectives on team learning and 
provides support for the role of team cognition as a catalyst for team learning.  
 





Team learning is essential for organizational teams that need to continuously adapt to 
changing environments and maintain high levels of performance (Edmondson et al., 2007; 
Rosen et al., 2011; Savelsbergh et al., 2012). Team learning has been investigated in the 
literature as a process and as a learning curve (Edmondson et al., 2007). Team learning 
processes involve behaviours such as asking questions, challenging assumptions, and 
discussing errors or unexpected outcomes (Edmondson, 1999; Savelsbergh et al., 2009). 
Team learning curves are reflected in the trajectory of change in team performance over time 
(e.g., Edmondson et al., 2007; Pisano, Bohmer, & Edmondson, 2001). Despite conceptual 
overlap, the process and learning curve perspectives on team learning have been studied in 
separate research streams. In this study, we combine these two perspectives in order to 
demonstrate how team learning processes are related to the trajectory of performance over 
time. Our study aims to demonstrate that team learning processes do not only have an 
immediate effect on performance but that teams increasingly benefit as they continue to 
interact and perform over time.  
Additionally, scholars have begun to question whether there may be boundary 
conditions to the positive effects of engaging in team learning processes (e.g. Bunderson & 
Sutcliffe, 2003a; Edmondson, 2003; Fiol & Lyles, 1985). Team learning is a resource intense 
and socially sensitive process that may detract from core task performance and can result in 
conflict and tension among the team members (Bunderson & Sutcliffe, 2003a). We propose 
that shared mental models (i.e., a shared understanding among team members regarding the 
relevant aspects of the team task; Klimoski & Mohammed, 1994) may constitute a critical 
factor that may determine under what conditions team learning processes may be beneficial. 
Therefore, we pose that only when teams start with a basic common ground (i.e., share a 
mental model), they will be able to translate team learning processes into performance 
improvement. 
With this study we aim to contribute to the team learning and team cognition literature 
in three important ways. First, although a number of authors have posited that more research 
on how team functioning enfolds over time is needed (e.g., Bliese & Ployhart, 2002; Cronin 
et al., 2011; Pitariu & Ployhart, 2010; Roe, Gockel, & Meyer, 2012), as yet, evidence is 
lacking for this longitudinal effect of team learning on team performance improvement. Our 
longitudinal design allows us to understand this longitudinal effect. Second, by investigating 
the effect of team learning processes on the increase of team performance over time we 
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integrate the, as yet, separately developed notions of team learning processes and team 
learning curves. Third, by identifying shared mental models as an important boundary 
condition for team learning, we shed light on the question of under what conditions team 
learning processes actually lead to performance improvement. In addressing these gaps, our 
study aims to provide insights about how teams function and perform over time.  
 
THEORETICAL BACKGROUND AND HYPOTHESES 
 
The relationship between team learning processes and team performance improvement 
 
Although there are different conceptualizations of team learning processes (e.g., 
Wilson, Goodman, & Cronin, 2007; Schippers, Homan, & van Knippenberg, 2013) we follow 
the one by Edmondson (1999). This approach refers to team learning processes as a 
combination of behaviours, including reflection on processes and outcomes, discussion of 
important issues, exploration of different perspectives, experimentation with new working 
methods, analysis and communication of errors, and co-construction of meaning 
(Edmondson, 1999; Savelsbergh et al., 2009). An important component of team learning 
processes is team reflexivity—by which team members collectively look back and discuss the 
team’s objectives, strategies, and processes, which helps them to identify potential problems, 
and to find causes and solutions, and prepare for future action (Schippers et al., 2013; West, 
2000). By engaging in learning processes, teams can adapt their strategy and procedures and 
improve their working methods for subsequent performance episodes (Moreland & McMinn, 
2010; Savelsbergh et al., 2009; Schippers, Den Hartog, Koopman, & van Knippenberg, 
2008). Further, team members can improve their interaction processes, detect and make sense 
of errors, and prevent the team from making the same mistakes in subsequent task 
performance episodes (Van Dyck, Frese, Baer, & Sonnentag, 2005; Schippers, den Hartog, & 
Koopman, 2007). Team learning process research has typically employed an input-process-
output model, in which team learning behaviours mediate the relationship between relatively 
stable team or contextual characteristics and team outcomes (e.g., Edmondson, 1999; Wong, 
2004). 
Team performance improvement is most accurately portrayed by team learning curves 
(Mathieu & Rapp, 2009). Team learning curves show the temporal trajectory of team 
performance over time from the beginning of a new product or process. Team learning curves 
have been studied mainly in operational settings, such as manufacturing or healthcare, where 
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accumulated experience with a task has been consistently linked with improvement in team 
efficiency (Edmondson et al., 2007). When experience with the task accumulates, teams 
develop routines and procedures that enable them to reduce the time required to complete 
their tasks and improve the quality of their performance (e.g., Pisano et al., 2001). Previous 
research shows that not only the individual experience of the team members matters, but also 
the experience the members accumulate in working on the task as a team (Reagans, Argote, 
& Brooks, 2005). For instance, studies by Pisano and colleagues (2001) and Edmondson, 
Winslow, Bohmer, and Pisano (2003) showed that cardiac surgery teams gradually improved 
their efficiency after implementing a new surgical procedure. Moreover, they found that 
teams varied in the rate at which they learnt to use the new technology. 
A number of variables have been identified that impact team learning curves, 
including task experience and team stability (Edmondson et al., 2003; Pisano et al., 2001; 
Reagans et al., 2005). However, research on the role of team learning processes on 
performance improvement is still scarce. Research on individual expertise development 
suggests that it is not simply the amount of experience with a task but a specific type of 
dedicated practice that predicts performance increase (Ericsson, Krample, & Tesch-Römer, 
1993). Team learning process is a bottom-up emergent phenomenon that originates at the 
individual level and emerges through team member interactions, as a team-level construct 
(Costa et al., 2013; Kozlowski & Chao, 2012; Kozlowski, Chao, & Jensen, 2010; Kozlowski 
& Klein, 2000). At the individual level, team members acquire knowledge, skills, and 
performance capabilities that are necessary to accomplish their individual tasks (Kozlowski, 
Gully, Nason, & Smith, 1999). Subsequently, team members learn how their task is related to 
the tasks of the other members. In order to achieve this higher compilation of knowledge, 
team members have to engage in purposeful interpersonal interactions aimed at gaining an 
understanding of their teammates’ roles and capabilities (Pearsall, Ellis, & Bell, 2010). Thus, 
to develop effective interaction processes, team members should engage in processes of 
communication, reflection, exchange, observation, and collaboration (Kozlowski & Bell, 
2008; Kozlowski & Chao, 2012). The outcomes of the team learning processes emerge as a 
pool of declarative as well as procedural knowledge shared among the members of the team 
and is generally considered to lead to an increase in team performance over time 
(Edmondson, 1999; Wong, 2004; Savelsbergh et al., 2012). 
To date, various studies have demonstrated a positive relation between team learning 
processes and team performance (e.g., Guchait & Hamilton, 2013; Savelsbergh et al., 2009; 
van der Vegt & Bunderson, 2005; van Woerkom & Croon, 2009). These studies suggest that 
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by asking questions, seeking feedback, and reflecting on previous performance episodes, 
team members test their assumptions, discuss divergent opinions, and thereby achieve high 
levels of performance (Edmondson, 1999; Guchait & Hamilton, 2013; Savelsbergh et al., 
2009; Schippers, Den Hartog, Koopman, & Wienk, 2003). However, because in these studies 
performance was only measured a single time, they cannot provide insight into the effects of 
team learning processes on the trajectory of team performance. Recently, Schippers and 
colleagues (2013) conducted a study with business students working on their bachelor thesis 
over 10 months where they measured team learning and team performance twice. Their 
findings showed a mediating effect of team learning at Time 2 between the interaction of 
initial team performance and team reflexivity at Time 2 on final performance, controlling for 
Time 1 team learning and reflexivity (Schippers et al., 2013). However, in order to assess and 
predict between-team variations in performance trajectories, such as the slope, at least three 
data points in time are required (Ployhart & Vandenberg, 2010). Therefore, the previous 
studies can only show that team learning is associated with high performance but not that 
learning behaviours are related to the trajectory of performance over time.  
We posit that team learning processes are likely to foster not only immediate team 
performance but also an increase in team performance over time. Discussing errors about 
previous tasks helps members to detect faults in their performance routines, improve their 
strategies, and work more effectively on subsequent tasks (Edmondson, 1999; Savelsbergh et 
al., 2009). Thus, over time, teams that engage in learning behaviours are likely to develop 
their collective understanding of the task and optimize the coordination of team members’ 
actions, which lead to improvement in team functioning indicated by a positive performance 
trajectory (Edmondson et al., 2007).  
 
Hypothesis 1: The extent to which the team members engage in team learning 
processes is positively related to team performance improvement. 
 
Shared mental models as a catalyst for team learning 
 
Several studies indicate that the extent to which teams engage in team learning 
processes is positively related to team performance (Guchait & Hamilton, 2013; Savelsbergh 
et al., 2009; Wong, 2004); however, these processes may not always translate into team 
performance improvement (Bunderson & Sutcliffe, 2003a; Edmondson, 2003; Fiol & Lyles, 
1985; Kozlowski et al., 2010). First, team learning behaviours are intense and consume time 
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and cognitive resources (Bunderson & Sutcliffe, 2003a, 2003b). The cognitive resources a 
team has at its disposal for performing tasks are limited (Barnes et al., 2008; Kanfer & 
Ackerman, 1989). When teams allocate their cognitive resources away from their assigned 
tasks, for instance to engage in team learning behaviours, or to reflect about their work, team 
members make an additional effort representing an extra cost for their cognitive resources 
(Bunderson & Sutcliffe, 2003a). Therefore, when team members exert efforts on team 
learning processes, it is crucial that they spend their resources efficiently; otherwise team 
performance is likely to suffer. Further, teams that engage in team learning behaviours may 
abandon adequate solutions and choose untested approaches without gaining benefits (Barnes 
et al., 2008; MacMillan, Entin, & Serfaty, 2004). This may create too much variation in 
teams’ alternatives that cannot be effectively assimilated by team members and may 
consequently harm team performance (Bunderson & Sutcliffe, 2003a, 2003b). Finally, 
engaging in team learning behaviours can be challenging for team members and may involve 
interpersonal risk taking (Edmondson, 2003). Particularly, when team members have 
diverging perceptions on central aspects of the task, they may not be willing to ask questions, 
seek information or admit mistakes (Edmondson, 2003). Thus, when team members do not 
have similar mental models, team learning behaviours may be ineffective and time 
consuming, which hinders team performance improvement.   
Several scholars have noted that team cognition, and in particular shared mental 
models, may have a critical function in the relation between team learning processes and 
team performance (e.g., Decuyper, Dochy, & Van den Bossche, 2010; Tindale et al., 1996, 
2008). Shared mental models refer to a common understanding by the team members 
regarding task, team, and temporal aspects of their work (Klimoski & Mohammed, 1994; 
Mohammed et al., 2010). Shared task mental models refer to a similar understanding among 
the team members about work objectives, team resources, and task duties (Mathieu et al., 
2000; Mohammed et al., 2010). Shared team mental models refer to a shared understanding 
regarding interpersonal interaction, and team members’ skills (Mathieu et al., 2000; 
Mohammed et al., 2010). Shared temporal mental models refer to a similar understanding 
about the sequencing of the separate elements of the team task, the pacing with which 
activities should take place, and the deadlines for task accomplishment (Standifer & 
Bluedorn, 2006).  
A wide variety of studies indicates that when team members have similar mental 
models, they are likely to achieve high performance levels because they are able to 
accomplish the tasks efficiently without the need for explicit coordination and 
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communication (DeChurch & Mesmer-Magnus, 2010). What is more, when team members 
have a similar mental model, they will interpret changes in the task environment in a 
compatible way (Cannon-Bowers et al., 1993). This enables them to anticipate the needs and 
actions of other members while dealing with these changes (DeChurch & Mesmer-Magnus, 
2010; Gevers et al., 2006; Rico et al., 2008). Further, when teams have similar mental 
models, they are on the same page regarding the functioning of the team, the team’s strategy, 
and when deadlines have to be met (Mohammed et al., 2010; Mohammed & Nadkarni, 2014). 
This is likely to facilitate the synchronization of learning processes among the team members, 
enable efficient communication, and ensure that the learning processes are aligned with 
collectively agreed upon goals (Gevers et al., 2006; Kozlowski & Chao, 2012). In contrast, 
when team members do not have similar mental models, team learning may lead to 
misunderstandings, process loss, and frustration among the team members. Therefore, we 
expect that when team members have a similar mental model, this constitutes a fertile 
breeding ground for team learning to occur (Tindale et al., 2008). Sharing a mental model 
promotes effective team learning processes and the positive trajectory of team performance 
because “the more knowledge that team members share in common, the better able they are 
to apply it to solving the problem or making the decision” (Kozlowski & Chao, 2012, p. 343). 
Similar mental models ensure that team members can quickly make sense of suggestions 
made by their teammates, that they discuss information, strategies, and problems that are 
aligned with the team goals, and that they provide each other with appropriate feedback at the 
right moment in time (Tindale et al., 2008).  
 
Shared task, team, and temporal mental models and team learning  
 
We expect that all three dimensions of mental models moderate the relationship 
between team learning processes and performance improvement. When teams share a task 
mental model they have a similar understanding about how the task should be accomplished 
in terms of procedures and practices, as well as about the resources needed to accomplish the 
task (Cannon-Bowers et al., 1993). Previous research shows that a shared understanding of 
the information elaboration requirements of the task is related to the quality of information 
sharing among the team members (van Ginkel, Tindale, & van Knippenberg, 2009). Team 
members that have a similar task mental model are more likely to communicate information 
in a way that is understood by the recipients (Fussell & Krauss, 1989; Krauss & Fussell, 
1991). For instance, when a team member suggests a novel idea, the other members can 
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directly make sense of this as they can place it into their own mental schema. In contrast, 
when team members have strongly divergent task mental models, they are more likely to 
misunderstand each other or require extensive communication in order to make sense of each 
other’s ideas and suggestions (Cronin & Weingart, 2007). In addition, a shared task mental 
model ensures that team members agree on what issues are central to task accomplishment. 
This ensures that team learning processes will be directed at issues that are considered 
important by all team members. Thus, shared task mental models facilitate team learning 
behaviours by ensuring that feedback and suggestions provided by team members are aligned 
with the team goals and are easily communicated and understood by the other members.  
 
Hypothesis 2a: The relationship between team learning processes and team 
performance improvement is moderated by task mental model similarity in such a way that 
when team members have a similar task mental model, the relationship will be more positive 
than when they do not have a similar mental model. 
 
When team members have a shared team mental model, they have a similar 
understanding about the team interaction, their responsibilities, the relation between their 
roles, and the knowledge, skills and abilities of each team member (Cannon-Bowers et al., 
1993). A shared understanding among the team members on how to interact with each other 
is likely to facilitate a variety of team processes. Previous studies have found a positive 
relation between shared team mental models and team processes, including communication 
and coordination (e.g., Mathieu et al., 2000). Given that team learning processes are in 
essence communication behaviours (Savelsbergh et al., 2009), they are likely to benefit from 
shared team mental models as well. Moreover, a clear understanding by team members of the 
distribution of roles and responsibilities in the team can increase the efficiency of teams’ 
learning efforts as each member can focus on the tasks he or she is most experienced with. In 
addition, when members’ are aware of each other’s strengths and weaknesses, this will enable 
them to understand which members may need help or feedback and which members may help 
the team to understand and overcome previous errors or unexpected outcomes. Thus, a shared 
team mental model provides team members with an agreed upon structure for the interaction 
and discussion processes that are central to team learning and provides an efficient task 
distribution for the learning process (Edmondson, 2003; Savelsbergh et al., 2009).  
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Hypothesis 2b: The relationship between team learning processes and team 
performance improvement is moderated by team mental model similarity in such a way that 
when team members have a similar mental model the relationship will be more positive than 
when they do not have a similar mental model. 
 
Finally, when team members share a temporal mental model, members have a shared 
understanding about the sequencing of the teams’ tasks, deadlines for task accomplishment, 
and the pacing at which activities should take place (Gevers et al., 2006; Standifer & 
Bluedorn, 2006). A shared temporal mental model can enable a team to optimize the timing 
and synchronization of team learning processes. Suggestions and feedback that are relevant 
but not voiced at appropriate times are less likely to be picked up by other team members 
(Kulik & Kulik, 1988). Moreover, given that sustainable team functioning depends on a 
careful balancing of exploitation activities—engaging in immediate task performance—and 
exploration activities—collectively improving task processes for future task activities— it is 
crucial that team members time their team learning behaviours in such a way that they do not 
interfere with core task performance (Bunderson & Sutcliffe, 2003a; March, 1991; 
Mohammed & Nadkarni, 2014). Therefore, when team members are on the same page 
regarding when deadlines have to be met, when tasks have to be executed, and when there is 
time for reflection, learning processes will be synchronized among the team members as well 
as with the ongoing requirements of the execution of the team tasks. The research model is 
represented in Figure 6.1. 
 
Hypothesis 2c: The relationship between team learning processes and team 
performance improvement is moderated by temporal mental model similarity in such a way 
that when team members have a similar temporal mental model the relationship will be more 
positive than when they do not have a similar temporal mental model.   
 











The sample of the study consisted of 67 teams (314 individuals) enrolled in a 
management simulation over a 5-week period. The teams were composed of company 
managers (45.6%), university students (36.8%), or both (17.6%). The teams consisted of 
three to five persons with an average team size of 4.67 persons (SD = 0.58). The majority of 
teams contained five persons (73.1%). The average age was 30.3 years (SD = 7.35) and 




Data were collected from the participants of a national management and strategy 
simulation – Global Management Challenge®. This simulation has been used by others 
researchers (e.g., Costa et al., 2014; Marques-Quinteiro et al., 2014; Santos & Passos, 2013). 
During the simulation each team runs a fictitious company with the objective of getting the 
highest company share price on the simulated stock exchange. The simulation lasts 5 weeks. 
Teams manage the company by making decisions each week about marketing, production, 
personnel, purchasing, and finance. Each team has a leader chosen by the team members at 
the moment they enrolled for the simulation. For each week, the business simulation 
programmme analyses and compares the decisions made by the competing teams, and 
Shared mental models and shared temporal cognitions 
 
170 
calculates the share price of each enterprise and the ranking of teams. Then, the programme 




Online questionnaires were sent to the team members by e-mail, two days after the 
beginning of the weekly task. A reminder was sent to the participants one day before the 
deadline to submit the weekly decision. The questionnaires were available until the moment 
in which teams had to submit their weekly decision. Participants individually answered the 
questionnaires before receiving the management report with the feedback about their 
decisions. This longitudinal procedure reinforces causality inferences (Mathieu & Taylor, 
2006) and reduces common-method variance (Brannick et al., 2010; Spector, 2006).  
Measures 
 
Shared mental models. To operationalize shared mental models, we used the procedure that 
is used most generally and considered the most valid in mental model research (DeChurch & 
Mesmer-Magnus, 2010; Resick et al., 2010b). We asked participants to evaluate the 
relatedness of sentences that describe team, task and temporal procedures that are relevant for 
the team task, on a 7-point scale (1 = the sentences are not related and 7 = the sentences are 
extremely related). 
To operationalize the team mental models, we adapted four items of the mental model 
measure developed by Lim and Klein (2006). For the task and temporal mental models, we 
created – based on a detailed task analysis and with the help of the company developers of 
the simulation – four sentences that fit the specific task context. For the task mental model, 
we derived four sentences regarding the task aspects of the simulation, and for temporal 
mental models we derived four sentences regarding the temporal aspects of the simulation 
(Mathieu & Rapp, 2009; Uitdewilligen et al., 2013). Team members were asked to make 
paired comparisons among the four sentences of each dimension resulting in six comparisons 
for each dimension. A list of pairs of sentences is provided in the Appendix D.  
To assess the similarity of the mental models among the team members, we used 
UCINET (Borgatti et al., 1992), following the procedure developed by Mathieu and 
colleagues (2000). This network-analysis programme provides a similarity measure based on 
Pearson's correlations ranging from −1 (completely dissimilar) to 1 (completely similar). We 
entered the relatedness scores of the team members into matrices for each team. Then we 
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used UCINET to calculate the team similarity among the matrices of the team members.  
 
Team learning processes. Team learning processes were measured using the scale of 
Savelsbergh and colleagues (2009) which covers eight dimensions: co-construction of 
meaning, exploring different perspectives, error analysis, error communication, reflection on 
processes, reflection on outcomes, feedback seeking behaviour, and experimenting. We opted 
for this measure because it provides a comprehensive overall measure of team learning 
behaviours that fits well with the conceptualization of team learning we adopted from 
Edmondson (1999). The scale validation study by Savelsbergh and colleagues (2009) 
indicates that team learning can be operationalized as a second-order construct composed of 
the eight behavioural dimensions.  As we aim to analyse the influence of team learning 
behaviours as a whole, we operationalized team learning as the average score of all items. 
Participants rated the extent to which they agreed with each sentence (e.g., “We encourage 
each other to look at our work from different perspectives”) on a 7-point scale (1 = totally 
disagree; 7 = totally agree). Team learning was measured in the fourth week of the 
simulation. The Cronbach’s alpha was .98. A second-order confirmatory factor analysis for 
the eight dimensions of team learning processes presents an acceptable, although not perfect, 
model fit: χ2 (292) = 1212.72, p = .00; CFI = .88; TLI = .87; SRMR = .05.  
 
Team performance. Team performance was operationalized as the share price in each week 
of the simulation. Share price was given in Euros and was automatically calculated by the 
simulation. Share price is a complex outcome measure that combines the decisions on the 
distinct topics on which team members need to make decisions (e.g., production, finance, and 
marketing), and thereby captures the combined effort of the team as a whole. 
 
Control variables. We included team size, task experience, and shared mental model 
accuracy as control variables in our analyses (Humphrey et al., 2009). Team size can impact 
the team learning processes and the team’s ability to develop mental models. We also 
controlled for task experience (participation in previous editions of the simulation) as this 
may impact mental models, team learning processes, and outcomes. In addition, we 
controlled for shared mental models accuracy (the extent to which the team members’ mental 
models are similar to those of experts in the respective area; Edwards et al., 2006) as this may 
correlate with mental models similarity, and impact team learning processes and outcomes. 
Mental model accuracy was assessed by comparing the mental models of the team members 
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to an expert model based on ratings of 12 participants who had won previous editions of the 




As the level of analysis in this study was the team level, the individual responses to 
the team learning questionnaire were aggregated to the team level for further analysis (Costa 
et al., 2013). We computed Rwg(j) indicators (James et al., 1993), designed for multiple-item 
scales, and intraclass correlation coefficients (ICC) (Bliese, 2000) to justify aggregation. All 
the values were in accordance with the required criteria (Rwg(j) = 0.83; ICC(1) = 0.19; ICC(2) 




To analyse our longitudinal data and test our hypotheses we used RCM following the 
guidelines by Bliese and Ployhart (2002). RCM accounts for nonindependence of 
observations and for heteroscedasticity (inconsistency in the variance over time). In addition, 
it provides tests for intrateam and interteam change and enables the analyses of team 
performance trajectories (Bliese & Ployhart, 2002). We estimated all our models in the 
statistical software R (version 3.1.1), an open source statistical software well suited for RCM 
(Culpepper & Aguinis, 2011). We estimated the growth models by means of the Nonlinear 
and Linear Mixed Effects package written by Pinheiro and Bates (2000). We coded time as 0, 
1, 2, 3, and 4 to represent weeks 1, 2, 3, 4, and 5, respectively. In this way, we were able to 
interpret the intercept of our performance growth model as the performance score on the first 
trial (Bliese & Ployhart, 2002). We grand-mean-centred our dependent and independent 




Table 6.1. provides the means, standard deviations, and the correlations for all study 
variables at the team level. The results did not show significant correlations between 
performance and mental model similarity, nor between team learning processes and 
performance. Regarding the control variables, team size was negatively correlated with task 
and team mental model similarity (r = -.27, p < .05; r = -.38, p < .01, respectively). To test 
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our hypotheses, we followed a number of steps divided into two levels. In level 1, we 
established the fixed functions for time and in level 2, we added predictors of intercept and 
slope variability to test our hypothesized relationships (Bliese & Ployhart, 2002).  
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Table 6.1. Means, standard deviations, and correlations for all team-level variables 
 
M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Team size 4.67 0.59 
          
        
2. Task experience  0.55 0.97 .09             
3. Task MM accuracy 4.95 0.29 .04 .10            
4. Team MM accuracy 5.05 0.33 .01 .08 .28*           
5. Temporal MM accuracy 4.96 0.37 -.09 .09 .61** .12          
6. Task MM similarity -0.80 0.24 -.27* .07 -.01 .17 -.05         
7. Team MM similarity -0.77 0.25 -.38** .00 -.01 -.06 -.11 .63**        
8. Temporal MM similarity 0.42 0.40 .10 -.16 -.12 -.20 -.15 -.41* -.30*       
9. Team learning processes 5.54 0.64 -.04 -.09 -.03 .56** -.17 .06 .03 -.11      
10. Team performance 1 2.01 0.07 -.05 .15 .05 .24 -.04 .15 -.12 -.11 .15     
11. Team performance 2 2.08 0.08 .06 .02 -.14 .14 -.09 .17 -.07 -.18 .09 .56**    
12. Team performance 3 2.04 0.11 -.14 .02 .03 .22 .01 .18 -.01 -.13 .13 .54** .54**   
13. Team performance 4 2.08 0.14 -.13 .07 .01 .24 .03 .22 .08 -.20 .20 .53** .62** .84**  
14. Team performance 5 2.07 0.19 -.06 .00 -.00 .22 .05 .07 -.06 -.11 .12 .40** .56** .69** .83** 
 
 
Note. n = 67 teams, MM = mental model ** p < .01, * p < .05. 
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We examined the ICC(1) for the dependent variable, team performance, to determine 
the total amount of variance that is attributable to between-team (over time) versus within-
team differences (Bliese, 2000). The ICC(1) value for team performance was .27, which 
means that 27% of the variance was attributable to between-team differences and 73% of the 
variance was attributable to within-team differences over time. As there is sufficient within-
team variance, growth models are an appropriate technique for analysing these data (Bliese, 
2000).  
In order to test the average trajectory of team performance of all teams over time, we 
first determined the fixed relation between the variable time and team performance. The 
results indicate that the estimate of the linear function for time was positive and statistically 
significant (t = 2.73, p < .01), suggesting that on average the teams showed an increase in 
performance scores. In addition to a linear effect, we also tested a quadratic effect of time on 
team performance. However, the quadratic function of time was not significant (t = -1.66, p = 
.10).  
Next, we analysed whether there is significant variance between the teams in the 
intercept and slope of performance over time. To determine variability in the growth 
parameters, we first added a random intercept term to our model to test between-team 
differences in the initial levels of team performance (see Table 6.2.). This step aims to 
examine whether a random intercept model (i.e., teams significantly differ in their initial team 
performance level) fits our data better than a fixed intercept model. In order to establish the 
optimal model and most parsimonious model, we used chi-square difference (i.e., -2 
loglikelihood ratios (-2LL)) to compare the more complex model with the baseline model 
(Bliese & Ployhart, 2002). The comparison of the random-intercept model (-2LL = 274.34) 
with the baseline model (-2LL = 211.70) significantly improved the model fit (Δ2LL = 62.64, 
p < .001). This means that the model that allows teams to differ in their initial team 
performance fitted the data better than the model with a fixed intercept.  
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Table 6.2. Results of fixed function for time (Model 1), and of fitting random coefficient 
models to team performance (Models 2 and 3). 
 
Note. n = 67 teams, *** p < .001, ** p < .01. 
 
Second, we determined whether there was significant variability among teams in the 
rate of change in team performance (i.e., slope variation). The random-slope model (allowing 
for difference in the slope among teams) significantly improved upon the random-intercept 
model (Δ2LL = 61.72, p < .001). This suggests that the best model accounts for difference in 
team performance between teams at the beginning of the simulation, as well as for difference 
in the rate of change across teams.  
In addition, we tested for autocorrelation and heteroscedasticity. The results revealed 
that the models in which we controlled for autocorrelation (Δ2LL = 0.02, p = .83) and 
heteroscedasticity (Δ2LL = 1.77, p = .17) did not improve model fit. So, we did not control 
for autocorrelation and heteroscedasticity in the further analyses. 
 
Level 2 analyses: Predictors of team performance trajectories 
 
In the first part of the RCM analyses, we determined the relationship between team 
performance and time. In this second part of the RCM analyses, we estimated a model that 
included team learning processes and the three dimensions of mental model similarity to 
predict variance in the trajectory parameters. All level-2 models include control variables for 
team size, task experience, and mental model accuracy.  
Parameter Model 1: Linear 
function for time 
Model 2: Random 
Intercept 
Model 3: Random 
intercept and slopes 
Fixed effects Estimate SE t Estimate SE t Estimate SE t 
Intercept 2.03*** 0.01 170.43 2.03*** 0.01 146.12 2.03*** 0.01 262.04 
Time 0.01** 0.00 2.73 0.01*** 0.00 3.97 0.01** 0.01 2.58 
          










AIC -417.41   -540.68   -660.12   
BIC -405.98   -525.45   -637.27   
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Hypothesis 1 states that team learning processes are positively related to performance 
improvement. To test this hypothesis, we added team learning processes to the longitudinal 
model. The team learning processes were not significantly related to initial team performance 
(y = -0.00, t = -0.13, p = .90) nor was the interaction between time and team learning 
processes (y = 0.01, t = 0.81, p = .42) (see Table 6.3.). Thus, team learning processes did not 
have a positive main effect on initial team performance neither on performance improvement 
over time. Hypothesis 1 is not supported.  
 

















Note. n = 67 teams, MM = mental model, *** p < .001, * p < .05.  
 
Hypothesis 2 predicts that the relationship between team learning processes and team 
learning outcomes over time is moderated by mental models similarity. To test this 
hypothesis, the interaction terms of team learning processes with the three types of mental 
models were added to the model. For the task dimension of mental models, the results 
showed that the interaction term involving time, team learning processes and task mental 
model similarity was significant (y = 0.13, t = 2.10, p = .04) (see Table 6.4.). This interaction 
Predictor Model 4 
Fixed effects Estimate SE t 
Intercept 2.05*** 0.06 31.81 
Time 0.01* 0.01 2.45 
Team size -0.01 0.01 -0.42 
Task experience 0.01 0.01 0.88 
Task MM accuracy -0.00 0.04 -0.12 
Team MM accuracy 0.04 0.03 1.25 
Temporal MM accuracy -0.02 0.03 -0.64 
Team learning processes -0.00 0.02 -0.13 
Time x Team learning processes 0.01 0.01 0.81 
    
Goodness of fit    
-2 log-likelihood 310.77   
AIC -595.53   
BIC -546.51   
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is depicted in Figure 6.2. For teams that have a similar task mental model, the extent to which 
teams engage in team learning processes is related to their initial performance level, whereas 
for teams that do not have a similar task mental model, this is not the case. Further, the 
performance level increases over time when teams have a similar task mental model and 
engage in many learning behaviours. When teams engage in many learning processes and 
have a dissimilar task mental model, their performance slightly decreases over time. Thus, 
when teams have a common ground, team learning is beneficial for performance, but when 
teams do not have a common ground, team learning is detrimental to performance. These 
results provide support for hypothesis 2a. 
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Table 6.4. Results of main and interaction effects of task, team, and temporal mental model 

































Note. n = 67 teams, MM = mental model, *** p < .001, ** p < .01, * p < .05. 
  
Predictors Model 5 
Fixed effects Estimate SE t 
Intercept 2.08*** 0.07 30.52 
Time 0.01** 0.01 2.77 
Team size -0.01 0.01 -0.85 
Task experience 0.01 0.01 0.86 
Task MM accuracy 0.01 0.04 0.24 
Team MM accuracy 0.02 0.03 0.61 
Temporal MM accuracy -0.04 0.03 -1.26 
Team learning processes -0.00 0.02 0.04 
Time x Team learning processes -0.00 0.01 -0.09 
Task MM similarity   0.12* 0.05 2.20 
Team MM similarity   -0.12* 0.06 -2.00 
Temporal MM similarity -0.02 0.02 -0.93 
Time x Task MM similarity -0.00 0.03 -0.13 
Team learning processes x Task MM similarity   0.07 0.10 0.74 
Time x Team learning processes x Task MM 
similarity   
0.13* 0.06 2.10 
Time x Team MM similarity 0.01 0.03 0.27 
Team learning processes x Team MM similarity   0.07 0.10 0.72 
Time x Team learning processes x Team MM 
similarity   
-0.04 0.06 -0.60 
Time x Temporal MM similarity -0.01 0.01 -0.52 
Team learning processes x Temporal MM similarity   0.00 0.03 0.02 
Time X Team learning processes x Temporal MM 
similarity   
0.07*** 0.02 3.16 
Goodness of Fit    
-2 log-likelihood   292.49   
AIC -534.98   
BIC -441.64   




Figure 6.2. The interaction effect between team learning processes and task mental 
model similarity on team performance.  
 
For the team dimension of mental models, the results showed that the interaction term 
involving time, team learning processes and team mental model similarity was not significant 
(y = -0.04, t = -60, p = .55) (see Table 6.4.). These results do not support hypothesis 2b. 
For the temporal dimension of mental models, the result showed that the interaction 
term involving time, team learning processes and temporal mental model similarity was 
significant (y = 0.07, t = 3.16, p = .00). There is a positive linear trend for the interaction 
effect between the three variables on team performance (see Table 6.4.). Figure 6.3. shows 
the interaction between time, low and high levels of temporal mental model similarity 
(respectively), and team performance. When teams have a similar temporal mental model and 
engage in many team learning processes, team performance increases over time. When teams 
have a similar temporal mental model and engage in few learning behaviours, team 
performance decreases over time. However, when teams have a dissimilar temporal mental 
model and engage in few learning processes, the performance level increases over time. 
When teams have a dissimilar temporal mental model and engage in many learning processes 
their performance is stable over time. Thus, when teams have a temporal common ground, 
team learning is beneficial to performance, but when teams do not have a temporal common 








Figure 6.3. The interaction effect between team learning processes and temporal 




When does engaging in team learning processes benefit team performance 
improvement? We found that when task and temporal mental model similarity were high, the 
extent to which teams engaged in collective learning processes was positively related to team 
performance improvement. However, when task and temporal mental model similarity were 
low, this pattern reversed, so that learning processes negatively contributed to performance 
improvement. We did not find a significant effect for the moderating role of team mental 
model similarity. We tested our hypotheses in a longitudinal study with five measurement 
points for team performance and the model variables measured at different moments in time. 
Our findings offer meaningful contributions to the team learning as well as the team 
cognition literature, and emphasize the importance of longitudinal studies for providing 
insight into how teams learn and develop over time.  
Our primary contribution lies in identifying shared cognition as an important 
boundary condition for the effect of team learning processes on the development of team 
performance over time. Thereby, we tie into the debate on whether engaging in collective 
learning process is always beneficial for team performance improvement. A number of 
studies have shown that team learning is beneficial for team performance (e.g., Edmondson, 
1999; Guchait & Hamilton, 2013; Savelsbergh et al., 2009). However, recently, Bunderson 
and Sutcliffe (2003a) questioned whether team learning behaviours are always beneficial for 
team performance. In a related vein, Moreland and McMinn (2010) wondered what 
conditions have to be met for team reflexivity to have identifiable effects on performance. 
We found that team performance only increases over time when teams engage in team 
learning processes and have similar task and temporal mental models. In order to effectively 
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discuss ideas, analyse errors, and process feedback team members need to be on the same 
page regarding the team strategy, deadlines for task accomplishment, and the pacing at which 
activities take place (Cannon-Bowers et al., 1993; Gevers et al., 2006; Standifer & Bluedorn, 
2006). Lack of shared understanding may lead members to experience task conflict – 
intragroup disputes related to the content of the tasks, such as differences regarding ideas or 
opinions (Jehn, 1995), and temporal conflict – intragroup disagreements about time, the 
duration of a task, and the length of time the team should spend on a specific task or goal 
(Mohammed & Nadkarni, 2011; Standifer et al., 2015). So, without common ground, learning 
processes may lead to frustration and disagreements, which prevent teams from achieving 
increasing levels of performance over time. 
The finding that team members need to have similar mental models in order to benefit 
from team learning is in accordance with a resource allocation perspective on team 
functioning (Barnes et al., 2008; Kanfer & Ackerman, 1989). Team learning is a resource-
intensive process that detracts from core task performance and that consumes time and 
cognitive resources (Bunderson & Sutcliffe, 2003a, 2003b). Team members have to divide 
their resources between exploitation activities and exploration activities (March, 1991). When 
team members have similar mental models, their core task performance will run smoothly 
(Mohammed et al., 2010) and they will consequently have spare resources that can be used 
for exploration. In addition, their learning activities will require few resources as team 
members will be able to effectively communicate ideas for process improvement (Fussel & 
Krauss, 1989) and to optimally time and synchronize their improvement-directed interactions 
(Mohammed & Nadkarni, 2014). In contrast, when team members lack such common ground, 
engaging in team learning processes constitutes an extra effort (Bunderson & Sutcliffe, 
2003a), that may overtax the resources available to the team. Thus, for teams that do not 
share task and temporal mental models, it may at times be better to focus on core task 
performance because engaging in both exploration and exploitation may be unattainable.  
Our research also advances knowledge about the differential effects of the different 
dimensions of shared mental models. Whereas task and temporal mental model similarity led 
to team performance improvement when combined with team learning behaviours, team 
mental model similarity did not. A possible explanation could be that the three dimensions of 
mental models did not develop at the same pace and that the development of one mental 
model dimension may influence the development of the other dimensions (Maynard & 
Gilson, 2014). In contexts where team members need to work on the task from the early 
beginning of the team lifecycle and where deadlines are particularly important for team 
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performance, team members may neglect the interpersonal aspects of teamwork, such as 
communication, trust, and mutual support. Therefore, the development of temporal and task 
mental models may precede and influence the development of team mental models and the 
team mental models may not yet be fully crystallized at the middle of the team lifecycle. 
Alternatively, teams may require a shared understanding about the team, the task, and the 
temporal aspects of work at different moments in the team’s lifecycle (Hackman & 
Wageman, 2005). For instance, it could be that team mental model similarity may be more 
important at the beginning instead of halfway the team lifecycle. 
 It is also possible that agreement among the team members on the team dimension is 
less crucial for team learning than agreement on the task and temporal dimensions. Team 
members may improve their task performance and discuss with each other despite some 
divergence in their understanding regarding how they should interact with each other. As 
learning behaviours often specifically focus on how the members can improve their 
interactions, team mental models may be more typically modeled as an outcome instead of a 
facilitator of team learning. So it may be more fluid than task and temporal mental models as 
it changes when team members develop new insights and procedures (Cannon-Bowers et al., 
1993). In addition, extant research suggests that when interaction patterns are overtly rigid, 
this may actually hinder teams in adapting to novel events (e.g., Stachowski, Kaplan, & 
Waller, 2009). In accordance with this notion a recent study found task mental models, but 
not team mental models, to have a positive effect on team performance (Guchait & Hamilton, 
2013). Another explanation for the divergent finding regarding team mental models may be 
related to the outcome variable under consideration. Although the team dimension of mental 
models has been related to team performance (Cannon-Bowers et al., 1993; Mathieu et al., 
2000; Santos & Passos, 2013), this dimension may be more important for the translation of 
team learning behaviours into affective outcomes, such as satisfaction and viability 
(Hackman, 1987).  
Finally, our research emphasizes the importance of longitudinal studies for analysing 
team dynamics over time. Researchers have posited that longitudinal studies are needed to 
understand “what happens in teams” (Roe et al., 2012) or “when things happen” (Sonnentag, 
2012). Longitudinal studies are needed to analyse the dynamic interrelations between 
coevolving constructs and to capture how teams form and develop, function, and perform 
over time. Although “teams can neither be defined nor understood without reference to time” 
(Roe et al., 2012, p. 630), researchers have still mainly analysed teams in a static way. The 
present study takes a temporal perspective by analysing how team performance increases 
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over time and which variables explain this increase (Ployhart & Vandenberg, 2010; Roe, 
2008). So far, researchers have analysed the effects of team learning behaviours on average 
team performance or team performance at the end of the team lifecycle; however, this 
approach may misrepresent the true effects of learning over time. For instance, high initial 
team performance may confound the relationship between learning processes and average 
performance. Thus, our study points to the possibility that the relationships found between 
variables in cross-sectional analysis may not hold when we look at dynamic trajectories of the 
outcome variable over time.   
 
Practical implications  
 
It becomes increasingly important for organizations to ensure that teams are able to 
constantly learn and improve their performance. Teams play a crucial role in helping 
organizations to compete with other organizations and to survive in challenging 
environments. Our results suggest that from the beginning of the team lifecycle, members 
need to share an understanding about the task and temporal aspects of their work in order to 
translate team learning processes into performance growth. Previous research suggests that 
the development of such common ground may be facilitated when teams engage in planning 
sessions or develop team charters prior to team performance and when they engage in 
debriefings after performance episodes (Mathieu & Rapp, 2009; Stout et al., 1999; Vashdi, 
Bamberger, & Erez, 2013). Although when left to themselves, teams often do not take the 
time to explicitly discuss issues, such as how the task needs to be accomplished in terms of 
procedures and practices, what deadlines they will need to accomplish the tasks, and at what 
pace activities should take place, this may actually be crucial for developing a shared 
understanding and improving performance in the long run (Cannon-Bowers et al., 1993; 
Gevers et al., 2006; Standifer & Bluedorn, 2006). Team leaders can play an important role, as 
well, in promoting shared mental models and effective team learning behaviours 
(Edmondson, 1999; Marks et al., 2000). Team leaders play a crucial role in stimulating team 
members to reflect about the processes they use to accomplish the tasks, to seek and give 
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Limitations and directions for future research 
 
A limitation of the present study was that team learning processes and shared mental 
models were measured only once around the middle of the team lifecycle. Although prior 
research has shown the importance of mid-points in team projects for team development 
(Gersick, 1988), it could be important to measure both variables repeatedly in order to trace 
how the (co)evolution of team learning behaviours and mental models impact team 
performance outcomes. Moreover, we cannot be sure if we optimally timed our measure of 
team learning processes; it is possible that the effectiveness of these processes decrease from 
the middle of the team lifecycle. Effective team learning processes at the beginning may 
promote the positive trajectory of team learning outcomes because teams need to establish a 
solid foundation from the early stages in order to promote effective team processes and 
performance (Ericksen & Dyer, 2004; Mathieu & Rapp, 2009). Therefore, future studies 
could benefit from a more fine-grained measurement of team learning processes and mental 
models at different moments in the team lifecycle. 
In this study, team learning outcomes were inferred from changes in team 
performance. Although this is a common way to assess team learning outcomes, an 
alternative approach could be the assessment of changes in team knowledge behaviours and 
attitudes (Kozlowski & Ilgen, 2006; Kraiger, Ford, & Salas, 1993). Future studies should 
analyse changes in team knowledge that show that team learning has occurred, such as the 
development of technical or motor skills, the decrease of errors, and the increase of 
automaticity in teams (Kraiger et al., 1993). 
Finally, a limitation may be that we focused on the quality of team decisions, and not 
on the speed. In many contexts, decision speed may constitute a crucial component of team 
performance. As similarity in temporal mental models may have an impact particularly on the 
speed with which teams make decisions, future studies should not only analyse the accuracy 
but also the timeliness of team decision making (e.g., whether they submit their decisions 




Research on team learning processes has developed in relative isolation from research 
on team learning curves (Edmondson et al., 2007). Although many studies implicitly assume 
that when teams engage in learning processes, this will have a positive impact on the 
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trajectory of team performance, an empirical study using longitudinal performance data to 
test this notion was lacking. Interestingly, the current study shows that team learning 
processes do not automatically lead to performance improvement. Our findings suggest that 
in order to achieve an increase in team performance over time, teams need to complement 
their team learning behaviours with shared task and temporal mental models. These findings 
stress that a strong cognitive foundation is crucial for teams in order to hone their skills and 















Teamwork has been pointed out by researchers and practitioners as one of the best 
solutions to accomplish cognitively and intellectually complex tasks because teams have a 
high capacity to process, store and use information to solve problems and make multiple 
decisions in a short period of time (Cannon-Bowers et al., 1993; Hinsz et al., 1997; Salas & 
Fiore, 2004). The increasing complexity of their tasks has challenged teams and team leaders 
to use their cognitive resources to perform the tasks and accomplish their goals successfully 
(Salas & Fiore, 2004; Salas et al., 2012). Teams need to integrate their individual mental 
representation of knowledge into a shared representation that helps them to engage in team 
processes and perform the tasks effectively, while they are pressured by time to meet the 
deadlines. In this thesis we argued that shared mental models and shared temporal cognitions 
constitute an important initial condition to ensure that teams achieve their goals; play a 
crucial role in facilitating team processes and team effectiveness over time; and are related to 
different temporal constructs.  
Although progress has been made in shared mental models and shared temporal 
cognitions research, a number of questions remain unanswered. Empirical studies have 
demonstrated that shared mental models and shared temporal cognitions promote team 
effectiveness (Gevers et al., 2006; Marks et al., 2000; Mathieu et al., 2010). However, it is 
unknown in which moment of the team lifecycle, shared mental models and shared temporal 
cognitions are particularly important to promote team processes and team effectiveness.  
Further, most of the researchers have analyzed the direct effect of shared mental 
models and shared temporal cognitions on team effectiveness. A small number of researchers 
have analyzed their effects on team processes, such as coordination and communication 
(Marks et al., 2002; Mathieu et al., 2010). The effect of shared mental models and shared 
temporal cognitions on other functional team processes, such as team creativity and team 
learning, and on dysfunctional team processes, such as intragroup conflict, is unknown. 
Finally, time-related aspects have not been integrated into team research, and in 
particular into team cognition research. First, researchers have mostly analyzed the task and 
team dimensions of shared mental models. Although teams also need to share an 
understanding about the temporal aspects of work, research on temporal mental models is 
scarce. Second, researchers have analyzed task, relationship, and process conflict. Teams are 
increasingly pressured by time, need to manage multiple projects at the same time and need 
to meet tight deadlines, which may lead to conflicts about temporal issues. Nevertheless, 
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researchers have neglected temporal conflict, and, therefore, the effect of shared mental 
models and shared temporal cognitions on this type of conflict in unknown. Third, team 
leaders play an important role in helping team members to coordinate their work, manage the 
time available to the tasks, and meet the deadlines, by employing temporal leadership 
behaviors. Despite the importance of temporal leadership, a small number of researchers have 
analyzed its effects on team effectiveness (Maruping et al., 2015; Mohammed & Nadkarni, 
2011). What is more, it is unknown whether teams may use their cognitive structures to avoid 
temporal conflict and accomplish their goals when team leaders do not employ temporal 
behaviors.   
These gaps guided this thesis. The main goal was to analyze the effect of shared 
mental models and shared temporal cognitions on team effectiveness over time. In order to 
accomplish the main goal, three subgoals were defined. First, this thesis aimed to analyze 
shared mental models and shared temporal cognitions as basic conditions to facilitate fruitful 
team functioning. Second, this thesis aimed to analyze the effect of shared mental models and 
shared temporal cognitions in stimulating teams to engage in functional team processes, in 
avoiding dysfunctional team processes, and in performing tasks successfully. Finally, this 
thesis aimed to integrate time-related aspects into team cognition research (temporal mental 
models and shared temporal cognitions), to analyze the effect of shared mental models and 
shared temporal cognitions on a time-related team process (temporal conflict), and analyze 
shared temporal cognitions as a substitute for a time-related leadership role (temporal 
leadership). Related to this last goal, this thesis also aimed to analyze the effect of shared 
mental models and shared temporal cognitions on team effectiveness over time in two ways: 
analyzing shared mental models and shared temporal cognitions, team processes and team 
effectiveness in different time moments; and analyzing the combined effect of shared mental 
models and team learning on team performance over time.  
In this final chapter, we discuss the theoretical and practical implications of this 
thesis. Then, we present limitations of this thesis and directions for future research. We finish 














Table 7.1. presents the main findings of this thesis related to three aspects of team 
research: shared mental models and shared temporal cognitions; team processes; and 
temporal research. In this section, we discuss the theoretical implications of the main findings 
of this thesis to these three research areas. 
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Table 7.1. Main findings of this thesis to shared mental models and shared temporal cognitions, team processes, and temporal research. 
 
Shared mental models 
Shared temporal cognitions 
Team processes Temporal research 
 
- Teams need to have a shared mental model about 
teamwork from the beginning of the team lifecycle. 
A solid foundation established in the early stages 
helps team members to minimize dysfunctional 
interpersonal processes and promote team 
effectiveness (Chapter 2). 
 
- Shared mental models and shared temporal 
cognitions lead team members to accomplish their 
goals, by avoiding disruptive relations (Chapters 2, 
3 and 4), by learning from each other (Chapter 5), 
and by translating team learning behaviors into 
team performance improvement (Chapter 6).  
 
- Shared mental models promote creativity, rather 
than block it. When team members share a mental 
model, their working styles are aligned, they agree 
on important aspects of teamwork and taskwork, 




- Teams that have shared mental models are able to 
minimize the level of intragroup conflict (task, 
relationship, process, and temporal conflict), and 
in turn improve team effectiveness (Chapters 2 and 
3). 
  
- Teams that have shared temporal cognitions are 
able to minimize the level of temporal conflict, 
thereby increasing team performance (Chapter 4).  
 
- Teams that have shared mental models are able to 
be creative, and in turn feel satisfied with the 
teamwork experience, and improve team 
performance (Chapter 3). 
 
- Teams that have a similar and inaccurate temporal 
mental model are not able to engage in team 
learning processes. Team members do not discuss 
the way they work because they think they are 
working correctly (Chapter 5).  
 
 
- Temporal mental models promote the engagement 
of team members on team learning behaviors 
when the mental models are accurate (Chapter 5).  
 
- Temporal mental models constitute a boundary 
condition for the effect of team learning processes 
on team performance improvement (Chapter 6).  
 
- Shared temporal cognitions play an important role 
in reducing the level of temporal conflict among 
team members and in improving team 
performance (Chapter 4).  
 
- Shared temporal cognitions substitute for 
temporal leadership in lowering temporal conflict 










- Shared temporal cognitions substitute for temporal 
leadership in reducing the level of temporal 
conflict, and in promoting team performance. 
When team members have shared temporal 
cognitions they effectively coordinate their 
activities in time, thereby avoiding temporal 
conflicts, making temporal leadership unneeded 
(Chapter 4). 
 
- Shared mental models can lead to closed-minds 
when the knowledge team members share is 
incorrect. When teams have a high similar and low 
accurate temporal mental model team members do 
not engage in team learning behaviors because they 
do not discuss information that challenge the 
knowledge they strongly and incorrectly share 
(Chapter 5).  
 
- Shared mental models constitute a boundary 
condition for the effect of team learning processes 
on the increase of team performance over time. 
Team performance only increases over time when 
teams engage in team learning behaviors and have 




- Team learning processes by themselves are not 
related to team performance improvement. Team 
members need to have similar task and temporal 
mental models in order to translate team learning 
processes into team performance improvement 
(Chapter 6). 
 
- Team learning processes foster team adaptation, 
and in turn team performance. Teams that engage 
in team learning behaviors are able to behave 
adaptively and achieve high levels of performance 
(Chapter 5). 
 
- Temporal conflict has important implications for 
team functioning. Temporal conflict mediates the 
relationship between shared mental models and 
team satisfaction (Chapter 3) as well as the 
relationship of shared temporal cognitions and 
temporal leadership with team performance 
(Chapter 4).  
 
- Temporal leadership reduces the level of temporal 
conflict in teams, and improves team performance 
(Chapter 4).  
 
- Temporal leadership is not needed when teams 
have shared temporal cognitions (Chapter 4).  
 
- Teams that have shared mental models and shared 
temporal cognitions from the beginning of the 
team lifecycle are able to minimize conflicts, 
develop creative ideas, and learn from each other 
in the middle of the team lifecycle, thereby 
improving team effectiveness at the end of the 
team lifecycle (Chapters 2 to 6). 
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Shared mental models and shared temporal cognitions 
 
A number of models and frameworks postulate that shared cognitions are important 
predictors of team effectiveness (Kozlowski, Watola, Jensen, Kim, & Botero, 2009; Salas et 
al., 2005; Salas et al., 2009). However, it is not clear when (throughout the team lifecycle) 
shared mental models and shared temporal cognitions are particularly important for 
facilitating team effectiveness. This thesis demonstrates that both shared mental models and 
shared temporal cognitions are important from the beginning of the team lifecycle as basic 
conditions to facilitate fruitful team functioning. Mathieu and Rapp (2009) argue that little is 
known about how events or activities that occur early in the team lifecycle promote team 
performance over time. The findings of the study reported in Chapter 2 show that teams need 
to build a shared mental model about the important aspects of teamwork from the beginning 
of the team lifecycle to be able to minimize relationship conflict in the middle of team 
lifecycle and improve team effectiveness at the end. 
In addition, Hackman (2012) posited that researchers should analyze “the conditions 
under which groups chart their own courses” (p. 435) and that help team members to achieve 
the desired goals. All the studies presented in this thesis show that shared mental models and 
shared temporal cognitions are a basic condition that is required to facilitate team members’ 
engagement in team processes, and the accomplishment of team’s goals. Although in most of 
the studies shared mental models and shared temporal cognitions were measured at the 
middle of the team lifecycle, the findings reveal that when teams build a shared 
understanding about the important aspects of work, they are able to minimize intragroup 
conflict, to be creative, to learn from each other, and to achieve their goals successfully. This 
means that a solid foundation related to task strategy and procedures, to team members’ skills 
and interaction dynamics, and to the temporal demands of the work is crucial to prevent team 
members from engaging in conflicts, and to promote creativity and learning behaviors, 
thereby improving team performance, viability, and satisfaction. Thus, shared mental models 
and shared temporal cognitions help the team to scrutinize the important factors that can 
ensure that team members are able to interact with each other in an appropriated way “right 
from the start” (Ericksen & Dyer, 2004).  
Research on shared mental models and shared temporal cognitions has mainly focused 
on the positive effect of those two forms of team cognition on team effectiveness. A number 
of empirical studies have shown that when team members have a shared mental model, they 
are able to align their working styles and to coordinate their work, leading them to trust each 
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other, to discuss errors, discuss new ways of working, and implement new ideas that are in 
accordance with the tasks and the team needs (e.g., Hülsheger et al., 2009; Mathieu et al., 
2010; Resick et al., 2010). The research reported in this thesis advances knowledge about the 
beneficial effects of shared mental models by showing that they minimize the level of 
dysfunctional conflicts and in turn improve team effectiveness. Further, teams that have 
shared mental models develop creative ideas and in turn feel satisfied with the teamwork 
experience and achieve high levels of performance. In the study reported in Chapter 6 we 
looked at shared mental models as a contextual factor and the findings also suggest that 
shared mental models are beneficial for team functioning. Specifically, the findings suggest 
that teams need to have a common ground because team performance only increases over 
time when teams engage in team learning processes and have similar task and temporal 
mental models.  
However, shared mental models may not always be beneficial for team functioning 
(Salas et al., 2005; Skilton & Dooley, 2010). The conditions under which shared mental 
models may lead to detrimental effects have been scarcely analyzed. The research reported in 
this thesis clarifies this aspect by showing that a similar and inaccurate temporal mental 
model impedes team members to engage in team learning behaviors. When team members 
have such similar but incorrect models, they ignore new ideas and suggestions and do not 
discuss the errors they make or the problems that occur over the team lifecycle because they 
think the way they work is correct and appropriated to accomplish the goals. This finding 
suggests that shared mental models may be harmful for team functioning, leading to close-
minds, when the knowledge team members share is incorrect. Thus, in order to engage in 
team learning behaviors, team members need to share knowledge that is correct (i.e., accurate 
mental models).   
Finally, despite empirical studies have shown that shared temporal cognitions are 
relevant for efficient team functioning, they may not be important in all situations. The 
findings reported in this thesis demonstrate that shared temporal cognitions and temporal 
leadership may compensate for the lack of the other. This means that when team members 
share strong temporal cognitions, they do not rely on the team leaders for guidance regarding 
temporal issues, and vice-versa. Researchers have proposed individual-level factors that 
substitute for leadership, such as, subordinates’ ability, experience, training, and motivation 
(Nübold et al., 2013; Podsakoff et al., 1996); however, it is not yet known what team-level 
factors may serve as substitutes for leadership. Further, research has focused on the 
relationship between team cognition and explicit coordination mechanisms, neglecting 
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implicit coordination mechanisms (DeChurch & Mesmer-Magnus, 2010). The findings of the 
study reported in Chapter 4 suggest that shared temporal cognitions, as an implicit 
coordination mechanism, substitutes for temporal leadership, as an explicit coordination 
mechanism, in reducing temporal conflict and benefiting team performance. This means that 
shared temporal cognitions play an important role in teams when leadership is weak or absent 
because team members use the shared understanding about the temporal aspects of the 
teamwork to perform the tasks using their time in the best way possible and avoiding 
misunderstandings and conflicts. Thus, these findings suggest that an implicit coordination 
mechanism may compensate for the lack of an explicit coordination mechanism, and vice 




Wildman and colleagues (2012) stated that more research is needed to analyze the 
team processes that are influenced by team cognitive constructs and how this relationship 
translates into team performance. Over the years, a number of researchers have analyzed the 
effect of shared mental models on team processes and consequently on team performance 
(Marks et al., 2000, 2002; Mathieu et al., 2000, 2010). These researchers have analyzed the 
mediating effect of coordination and cooperation between shared mental models and team 
performance. Nevertheless, other team processes may explain why both shared mental 
models and shared temporal cognitions improve not only team performance, but also team 
satisfaction and viability. This thesis advances knowledge on team processes by focusing on 
intragroup conflict, team creativity, team learning, and team adaptation.  
Our primary contribution for the team processes literature lies in identifying 
intragroup conflict (a dysfunctional team process) as an important mediator in the 
relationship of shared mental models and shared temporal cognitions on team effectiveness. 
Thus far, researchers have mainly analyzed the effect of shared mental models and shared 
temporal cognitions on functional team processes. This thesis provides empirical evidence for 
the temporally based framework by Marks and colleagues (2001) showing that, indeed, 
emergent states influence team processes and in turn more distal team outcomes. The findings 
of the studies reported in Chapters 2 and 3 suggest that when team members share a mental 
model they are able to avoid disruptive interpersonal relations and in turn accomplish the 
tasks successfully, feel satisfied with the teamwork experience, and are willing to work with 
the same team in the future. In addition, the findings of the study reported in Chapter 4 
Shared mental models and shared temporal cognitions 
 
197 
indicate that shared temporal cognitions diminish the level of temporal conflict and benefit 
team performance. In sum, the findings of this thesis indicate that when teams have shared 
mental models and shared temporal cognitions, they experience positive interpersonal 
relationships because they are able to coordinate their work, and they are focused on task 
accomplishment, avoiding discussions about task procedures, personal issues, task 
delegation, and temporal issues. Thus, as long as teams share a common understanding about 
relevant aspects of teamwork, team members are likely to communicate in an appropriated 
way and trust in each other, thereby experiencing positive interpersonal relations and feeling 
safe in sharing ideas and asking questions (Kozlowski & Ilgen, 2006; Marks et al., 2001).  
Our findings also advance knowledge on team processes analyzing the mediating role 
of team creativity between shared mental models and team effectiveness. The effect of shared 
mental models on creativity has not been clear in the literature. While some authors argue 
that team members that have shared mental models are less likely to discuss different points 
of view and be creative (Skilton & Dooley, 2010), other authors argue that team members 
that have shared mental models are more likely to be creative because they coordinate their 
work, cooperate with each other, and trust each other (DiLiello et al., 2011; Hülsheger et al., 
2009). The findings of the study reported in Chapter 3 indicate that shared mental models do 
not block creativity; they facilitate it. Indeed, teams that have shared mental models develop 
creative ideas, thereby improving team performance and satisfaction. Creativity research 
suggests that team members are willing to be creative when the teamwork environment 
favors creativity – when team members are open to listen and discuss new ideas, and when 
team members challenge each other in a constructive way (DiLiello et al., 2011). The 
findings of the study reported in Chapter 3 suggest that team members also need to have a 
shared understanding about the important aspects of teamwork in order to be able to develop 
creative ideas, and in turn achieve high levels of performance and feel satisfied with the 
teamwork experience.  
Kozlowski and Ilgen (2006) noted that greater attention needs to be dedicated to the 
antecedents that boost team learning. Theoretical models and frameworks of team adaptation 
have considered shared mental models as important boosters for team learning (Burke et al., 
2006a; Rosen et al., 2011). However, empirical studies that analyze the effect of shared 
mental models on team learning are lacking. In particular, it is not clear when shared mental 
models promote team learning, and whether the joint effect of shared mental models and 
team learning facilitate team performance improvement. On the one hand, this thesis 
contributes to the team processes literature by showing how shared mental models relate to 
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team learning processes. The findings of the study reported in Chapter 4 suggest that as long 
as team members have an accurate temporal mental model, they engage in team learning 
behaviors regardless of the level of similarity. However, team members that have a similar 
and inaccurate mental model are not able to engage in team learning behaviors. This means 
that in order to engage in team learning processes, teams do not need to share knowledge 
about the temporal aspects of work, but their knowledge needs to be correct. In sum, the 
accuracy of temporal mental models is an antecedent to team learning processes. On the other 
hand, looking at shared mental models from a different perspective – as a contextual factor – 
the findings of the study reported in Chapter 6 indicate that shared mental models constitute a 
boundary condition for the effect of team learning behaviors on the development of team 
performance over time. Thus, teams need to have a common ground because team 
performance only increases over time when teams engage in team learning processes and 
have similar task and temporal mental models.  
Finally, this thesis advances knowledge on team adaptation as a team process. The 
recent models of team adaptation postulate that teams that engage in team learning behaviors 
are able to evaluate past performance episodes, to adapt to the changes that occur in the 
teams’ environment, and to accomplish their tasks (Burke et al., 2006a; Rosen et al., 2011). 
Nevertheless, empirical studies that analyze the effect of team learning on team adaptation, 
and in turn on performance are lacking. Although the research reported in this thesis does not 
analyze the relationship between shared mental models and team adaptation outcomes, the 
findings of the study reported in Chapter 5 indicate that teams that engage in team learning 
behaviors engage in adaptive behaviors, thereby improving team performance. These findings 
contribute to research on team processes and to the scarce research on the antecedents of 
team adaptation (Maynard et al., 2015) by showing that teams that learn from each other are 





Taking into account that teams are increasingly pressured by time, work on tight 
deadlines, and often work on different projects at the same time, it is crucial to understand 
how teams can face temporal challenges. Researchers have called attention to the need to 
integrate time in intragroup conflict (Mohammed et al., 2009), shared cognition (DeChurch & 
Mesmer-Magnus, 2010; Mohammed et al., 2012), and leadership literature (DeChurch et al., 
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2010; Shamir, 2011). This thesis advances knowledge on temporal research by analyzing 
temporal mental models and shared temporal cognitions, temporal conflict, as well as 
temporal leadership. This thesis also advances knowledge on temporal research by analyzing 
the effect of shared mental models and shared temporal cognition at the beginning of the 
team lifecycle on team processes in the middle of the team lifecycle, and in turn on team 
effectiveness at the end of the team lifecycle.   
A number of researchers have called attention to the need to analyze the temporal 
dimension of shared mental models (Standifer & Bluedorn, 2006; Mohammed et al., 2009), 
which was identified as a “key agenda item for future research” (Mohammed et al., 2012, p. 
101). In order to learn from each other and accomplish their goals on time, team members 
increasingly need to have a shared understanding about the temporal aspects of work – 
deadlines for task accomplishment, the time available for each task, and the sequencing of 
tasks (Mohammed et al., 2015; Standifer & Bluedorn, 2006). Nevertheless, very few studies 
have analyzed the temporal dimension of mental models (Mohammed et al., 2015). This 
thesis advances knowledge on temporal mental models by providing insight into the way they 
promote and hinder the engagement of team members into team learning behaviors, as well 
as into the way temporal mental models work as a catalyst for the translation of team learning 
behaviors into team performance improvement.  
Researchers have suggested that shared temporal cognitions play an important role in 
promoting team performance and team satisfaction (Gevers et al., 2006, 2009; Standifer et al., 
2015). Nevertheless, “shared temporal cognition is in a nascent stage, [and] additional 
conceptual and empirical research is clearly needed” (Mohammed et al., 2012, p. 96). This 
thesis contributes to the shared temporal cognition literature by showing that teams that have 
a shared understanding about temporal aspects of work are able to minimize temporal conflict 
and in turn improve performance. More importantly, the research reported in this thesis 
shows that shared temporal cognitions substitute temporal leadership in reducing temporal 
conflict and fostering team performance.  
Mohammed and colleagues (2009) stated that besides relationship, task and process 
conflict, research on team conflict should reflect the disagreements about when tasks and 
work should be accomplished and in what order. Research on temporal conflict is particularly 
important because teams increasingly work under tight deadlines and manage multiple 
projects simultaneously, which may lead to disagreements on temporal issues. This thesis 
shows that temporal conflict is, indeed, a mechanism that negatively impacts team 
functioning. Therefore, studies that show how temporal conflict may be minimized are 
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needed. The findings of this thesis advance knowledge on temporal conflict by showing that 
teams need to have shared mental models to avoid conflicts about temporal issues, be 
creative, and accomplish their tasks. Further, teams need to have shared temporal cognitions, 
or team leaders need to employ temporal leadership behaviors, in order to minimize temporal 
conflict and perform well. 
Although scholars have recognized the increasing importance and pressure for time in 
teams and organizations, researchers have failed to integrate time in team leadership 
constructs (Shamir, 2011; van der Erve, 2004). The research reported in Chapter 4 
incorporates temporality in terms of content into a leadership construct by analyzing temporal 
leadership. Temporal leadership is particularly relevant for teams that work under pressure 
and need to meet tight deadlines because it helps team members to coordinate their tasks, to 
allocate time to each task and to urge the team to finish the tasks on time (Mohammed & 
Nadkarni, 2011). Nevertheless, few empirical studies have focused on temporal leadership 
(Maruping et al., 2015; Mohammed & Nadkarni, 2011). This thesis provides insights about 
temporal leadership by demonstrating its effects in lowering temporal conflict and promoting 
team performance. In fact, when team leaders employ temporal leadership behaviors, team 
members are able to avoid temporal conflicts and accomplish their tasks. Importantly, when 
leadership is weak or absent, it may be substituted by shared temporal cognitions. This means 
that teams do not need temporal leadership when they have shared temporal cognitions 
because team members make sense of the similar understanding they have about the best way 
to use their time in order to avoid temporal conflict. In sum, both temporal leadership and 
shared temporal cognitions can compensate for the lack of the other. 
Marks and colleagues (2001) posited that teams have distinct needs over their team 
lifecycle, engaging in different processes at different times depending on the phase they are 
in and on the characteristics of the team that emerge over time. The research reported in this 
thesis indicates that a shared understanding about the important aspects of work at the 
beginning of the team lifecycle is important to help team members to minimize conflict, to 
develop creative ideas, and to learn from each other around the middle of the team lifecycle, 
and in turn to achieve team’s goals in the end of the team lifecycle. Thus, when teams have 
shared mental models and shared temporal cognitions right from the start, team members 
have cognitive resources available to deal and overcome the problems and challenges they 
face over time, to find solutions discussing with each other and to accomplish the team’s 
goals successfully (Ericksen & Dyer, 2004; Hackman, 2012). In addition, the findings of the 
study reported in Chapter 6 indicate that shared mental models are an important boundary 
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condition to translate the team learning behaviors, in which team members engage in the 
middle of the team lifecycle, into team performance improvement. This means that being on 





The research reported in this thesis offers practical implications for organizational and 
business teams. In particular, these implications are oriented to team leaders that play an 
important role in facilitating an optimal team functioning. In addition, the research reported 
in this thesis offers implications to human resources managers, in particular to their human 
resources management and development practices.  
Organizations increasingly rely on teams to perform the work and accomplish the 
tasks. The studies reported in this thesis reveal that, indeed, teamwork works. Team members 
are able to achieve the team goals, and teams improve their performance over time when they 
share an understanding about the important aspects of work, interact with each other and 
learn from each other. This means that having a team based structure helps organizations to 
accomplish their objectives and to remain competitive. Therefore, when the tasks are 
complex and challenging, team leaders should put some employees working together in order 
to perform the tasks.  
However, as Thompson (2004) stressed, “putting people into teams does not solve 
problems; if not done thoughtfully, this may even cause more problems” (p. 11). Teams are 
more than a collective group of people that work individually on the same place, on 
individual sub-tasks, and that in the end merge the different sub-tasks. Teams need to 
exchange ideas, experiences, and coordinate their efforts to accomplish the tasks. 
Importantly, a number of guidelines need to be followed in order to increase the likelihood to 
build a functional and productive team. First of all, team leaders need to select the most 
appropriated people to work together and they need to communicate to team members who is 
part of the team and who is not. Knowing who the team members are ensures that they 
interact, communicate, and coordinate their work with the appropriate people.  
Further, team leaders need to build a team composed by people who prefer to work 
within a team than alone. People who like to work within a team are able to contribute with 
their knowledge and skills, communicate with each other, coordinate tasks and make efforts 
according to the team-level goals and interests. By contrast, people who prefer to work alone 
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are not willing to contribute with their knowledge and skills, are worried with what other 
team members achieve or could achieve with the knowledge shared within the team. As 
individualist people prefer to work and make efforts to achieve their own personal interests 
and goals than the team-level ones, they are likely to create problems and conflicts within the 
team.  
Team leaders also need to transmit clearly the main goals of the teams because team 
members need to know, understand and agree about them. The goals need to be challenging 
to ensure that team members are motivated to accomplish them. Further, team leaders need to 
choose people with diverse skills and competencies. Teams need to be composed by members 
who have different technical skills that allow them to perform the tasks and accomplish the 
goals. Team members also need to have interpersonal skills that help them to communicate 
and interact with each, manage and avoid conflicts, discuss problems that occur, and provide 
appropriated feedback that help the team to face unexpected situations that may occur.  
Importantly, team leaders need to provide appropriated time and space to team 
members understand the tasks they need to accomplish, to know each other, to know each 
other’s skills, competencies, and preferences, and to understand the deadlines they need to 
meet. Finally, in order to function correctly, a team needs to have someone who plays the 
leader’s role. Team leadership behaviors may be employed by a formal leader (i.e., who is 
formally assigned to lead the team) or by an informal leader (i.e., someone that emerges or is 
chosen informally by the team members), or may be shared among the team members (i.e., 
multiple team members may employ leadership behaviors). Alternatively, as the study 
reported in Chapter 4 indicates, team members may use the knowledge structures they 
possess to guide their behaviors when team leadership is weak or absent.  
The research reported in this thesis is particularly important for team leaders that are 
interested in understanding how teams perform over time and in helping the teams to perform 
over their team lifecycle. Teams have different needs at different time moments, and 
consequently, team leaders should provide differentiated support to teams depending on the 
phase they are. At the beginning of the team lifecycle, team members need to work together 
to build a common ground about the important aspect of work that will guide the team 
functioning and effectiveness over time. In other words, team members need to build task-, 
team- and temporal shared mental models and shared temporal cognitions. As teams often do 
not take time to discuss the issues that lead them to have a shared knowledge when they are 
left to themselves, team leaders may play an important role in facilitating team members to 
discuss with each other. Team leaders may help team members to discuss and agree about: 
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the best strategies and tools to accomplish the tasks; the best way to distribute the work 
among the team members according to their skills and preferences; and the best way to 
distribute the time for the tasks, meeting the deadlines. Thus, team leaders may play a crucial 
role in facilitating a shared understanding about these aspects, which will promote team 
members’ engagement in team processes, as well as, team effectiveness.  
After the establishment of a common ground, team members engage in different team 
processes, around the middle of the team lifecycle, that help them to achieve the team goals 
later on. In this phase, team leaders may help the team to avoid disruptive situations, such as 
conflicts, and to take advantage of beneficial situations, such as discussions about mistakes, 
new ideas, and new working methods. Regarding intragroup conflict, team members may be 
instructed about strategies to avoid or manage conflict, and team leaders may also provide 
team members with tools that help them to avoid and to manage conflicting situations.  
Team leaders may promote the discussion of different ideas, ensuring that all team 
members express their points of view, in order to achieve consensus and do not engage in 
task conflict situations. In order to prevent relationship conflict, team leaders may instruct 
team members to focus on the content of the arguments and to not take disagreements in a 
personal way. Team leaders may help to prevent process conflict by allocating 
responsibilities among the team members, and by providing team members with autonomy to 
choose the specific tasks they want to execute according to their preferences or knowledge. 
Finally, team leaders may help team members to prevent temporal conflict by helping team 
members to achieve a consensus on the allocation of time to the tasks, and by scheduling 
deadlines to check whether the tasks are being completed or not.  
To prevent intragroup conflict in general, team leaders (and/or team members) may 
create a team chart where are identified: the main goals of the team; all the tasks the team 
need to accomplish and the time allocated to each task; the person responsible for each task; 
and the deadlines for all the tasks and for the main goals. This way, team members may 
check the team chart throughout the team lifecycle, and update it when is need, avoiding 
conflict situations.   
Team leaders may also challenge team members to be creative. Team leaders may 
stimulate team members to present creative ideas and discuss them within the team in order 
to decide whether they are appropriated or not. Both team members and team leaders should 
provide feedback on the ideas presented. This way, team members perceive that their team 
supports for creativity and they are likely to present new ideas over the team lifecycle 
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because they know that their teammates and the team leaders will not criticize them, rather 
they will help them to improve the idea and implement it if it is appropriated.  
Team leaders may also play an important role in promoting team learning behaviors. 
Team leaders may stimulate team members to communicate and discuss the errors they make 
and to find appropriated solutions to solve them in order to prevent that other team members 
make the same errors. Team leaders may also stimulate team members to reflect about the 
process and the working methods they use to accomplish their tasks, in order to improve the 
working procedures. Moreover, team leaders may help team members to seek and ask for 
feedback from each other and from external people because it may help them to change the 
way they work accordingly. Finally, team leaders may stimulate team members to carefully 
listen the ideas of each other, elaborate these ideas, complement with their own ideas and 
then collectively make decisions based on the ideas the team discussed. Promoting team 
learning behaviors help team members to adapt their strategies to unexpected events and to 
achieve their goals.  
When team members do not easily engage in team learning behaviors team leaders 
may schedule a time period, once a week for instance, to “oblige” team members to reflect 
about the way they have worked, to discuss errors they might have done, and to give and ask 
for feedback. Importantly, as the study reported in Chapter 5 demonstrates, team members 
need to share accurate knowledge about the temporal aspects of work to engage in team 
learning behaviors. Therefore, team leaders should schedule regular meetings throughout the 
team lifecycle to ensure that the way team members think about when tasks need to be done, 
and how much time they have to work on each task, is not only aligned among the team 
members, but is also correct according to team leaders or task experts’ understanding. In 
those meetings, it may be monitored what team members have been done and when, what 
they still need to do in the time they have, and may be discussed the best way to use the time 
left in order to accomplish the tasks and meet the deadlines. 
Regarding the human resources management and development practices, this thesis 
offers implications for training of team members and team leaders, as well as for recruitment 
and selection, and performance evaluation system.  
Concerning training programs, team members and team leaders may be instructed 
about practices and strategies to help them to develop shared mental models and shared 
temporal cognitions, to manage and avoid intragroup conflict, to facilitate creative ideas, and 
to engage in team learning behaviors. Importantly, team members and team leaders should be 
trained as a team, and in the context in which the team operates. Team members develop 
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cognitions and engage in behaviors collectively while they are executing their team task. 
Therefore, team learning is a collective product that is more than the sum of the individual 
learning of the team members. When team members are together it is easy to think about the 
way they work, the knowledge they have and share, and the way they think about the 
important aspects of work. Therefore, it is preferred to train team members within the context 
of their own work environment and including the complete team. A training program for only 
one team, in the context where the team operates, and according to the team needs, allows 
team members to receive specific and useful information, acquire competencies and practice 
them, and to receive and ask for feedback. Importantly, the team leader should participate in 
the training with the team members, and should be supportive of training. Team leader 
participation facilitates the transfer and usage of knowledge and competencies in the work 
context, and facilitates a supportive organizational climate (Gregory, Feitosa, Driskell, Salas, 
& Vessey, 2013). 
In training programs about shared mental models and shared temporal cognitions, 
team members and leaders should be instructed about the importance of these cognitive 
aspects, and with some strategies to develop them. Before team members start to work on the 
tasks, they should participate in a planning session in which the team leader plays the 
moderator role. Team members and the team leader should discuss and clarify what is the 
main goal of the team, who is responsible for what, what are the main competences and 
preferences of each team member, how much time they have to work on the tasks, and when 
the deadlines are. Then, a mind mapping intervention may be used to facilitate the 
development of shared mental models and shared temporal cognitions (Rentsch et al., 2010). 
First, team members, individually, should think about the main actions they need to do and 
the main information they need to get to accomplish the task. They may write this 
information on a paper. Then, team members should explain to each other the meaning of the 
main actions and information, and why this is important to accomplish the team goals. After 
that, team members, collectively, should create a mind mapping by making the connections 
among the main actions and information, and between these main information and team 
performance. Teams may make the mind mapping in a cardboard or in a white board, for 
instance, and make it visible to all the team members. This way, team members may check 
the mind mapping whenever possible and behave accordingly. When team members are 
geographically dispersed, they may discuss the mind mapping by means of a video-
conference tool and create it in software that allow them to online share and check the mind 
mapping whenever they want. As shared mental models need to be accurate, team leaders 
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and/or task experts need to participate in the discussion to create a mind mapping. If this is 
not possible, team leaders and task experts should check and validate the mind mapping later 
and discuss with the team their ideas and suggestions to improve it. This planning session 
where team members create a mind mapping aims to promote a shared understanding among 
them about the task, team, and temporal aspects of work, by aligning their strategy according 
to each other skills and to task experts’ knowledge.   
Some strategies to manage and avoid intragroup conflict, to facilitate creative ideas, 
and to engage in team learning behaviors were discussed and presented in the previous 
paragraphs where we discussed how team leaders may help team members throughout the 
team lifecycle. Importantly, team leaders by themselves may not be aware of those strategies 
and may not be able to transmit those strategies properly to team members. Therefore, 
training programs about conflict management strategies should to be offered to team 
members and team leaders before they start to work together on task accomplishment. These 
training programs allow team members and leaders to develop conflict management 
competences that help them to prevent conflicting situations and to achieve their goals. 
Training programs about strategies to develop creative ideas and to engage in team learning 
behaviors should also be offered to team members and leaders. In these training programs 
team members and leaders may be instructed about the importance of listening new ideas and 
new working methods, discussing errors and unexpected outcomes, and complementing each 
other’s ideas in order to develop creative ideas, engage in team learning behaviors and 
achieve team’s goals.  
Training programs about the importance of the scheduling, synchronization, and the 
allocation of time for each task should also be offered in organizations, in particular to team 
leaders. Temporal leadership behaviors are increasingly important because teams need to 
work under a lot of time pressure, meet very tight deadlines, and work on different projects 
simultaneously. Thus, team leaders should be instructed about the best way to help team 
members to prioritize the tasks, to understand when they need to start to work on a task and 
when they need to finish it by communicating the temporal aspects of work to team members 
and monitoring them over time. A training program about these aspects help team leaders to 
effectively communicate the important issues to team members, thereby helping team 
members to temporally coordinate their work, achieve their goals and meet the deadlines.  
Another technique that aims to promote learning from experience, and that can be 
used to improve team effectiveness by building teamwork skills and competencies refer to 
debriefings. Debriefings are sessions in which team members “(a) reflect upon a recent 
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experience, (b) discuss what happened, (c) identify lessons learned and opportunities for 
improvement, and (d) plan for the future (Tannenbaum, Beard, & Cerasoli, 2013, p. 489). 
Debriefings last thirty minutes or less, and may be led by the team leader or by an external 
person, for instance, an instructor. Debriefings present a number of advantages over team 
building and team training as they are “less expensive, less time-consuming, and easier to 
employ” (Tannenbaum et al., 2013, p. 490). Tannenbaum and colleagues (2013) identified six 
types of debriefings. For instance, debriefings may be conducted after a unique work 
experience, in which team members reflect and learn from experience and plan the future 
(i.e., debriefing a work experience); may be conducted repeatedly over time after work 
experiences to ensure that team members apply the lessons learned and that they do what is 
supposed to do, and achieve their goals (i.e., ongoing debriefing of work experiences); and 
may be combined with team training – debriefings are conducted after a team training 
exercise to maximize the competencies acquisition (i.e., debriefing a training experience).  
Like team training, debriefings can be used to help team members and team leaders to 
deal with interpersonal conflicts, to develop shared mental models, and to learn from each 
other, being the ultimate goal improve performance. Nevertheless, debriefings are likely to be 
more effective than training in facilitating a fruitful teamwork environment and in promoting 
team performance. Debriefings may be conducted repeatedly over the team lifecycle 
whenever the team needs, or in pre-scheduled moments (e.g., after each performance 
episode), while team training is less frequent over the team lifecycle because it demands an 
instructor and a previous agreement between the team/organization and the instructor. Indeed, 
a team may start and finish a project without engage in a team training session. The team 
leader and all the team members should be involved in the debriefing sessions. Nevertheless, 
team leader plays an important role in ensuring that debriefing sessions are effective. Thus, 
team leader (or another facilitator) needs to structure the session to ensure that the team is 
focused, to prepare himself/herself to lead debriefings effectively, to develop the discipline to 
debrief, and to ensure that there is good quality information to share (Tannenbaum et al., 
2013). Debriefings may be used for team leaders to “oblige” team members to reflect about 
their work on previous tasks, as well as to align the way team members think about task, 
team, and temporal aspects of work. 
The research reported in this thesis provides two strategies to human resources 
management regarding the recruitment and selection process. First, when human resources 
managers initiate a recruitment and selection process and know that the selected people will 
work mainly on teams, they should select team-oriented people. Individuals that prefer to 
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work within a team and that are predisposed to coordinate and combine their information 
with the task inputs of other team members are able to make efforts in favor of team-level 
goals and interests, rather than individual-level ones. Thus, human resources managers should 
evaluate the team orientation level of the candidates that will work on teams. Second, human 
resources managers should select people that have similar understanding about the general 
functioning of a team when compared with other team members, team leaders or task experts. 
If the human resources managers need to select all the people that will work together as a 
team, they may evaluate the individual mental models of all the candidates and check 
whether they are similar or dissimilar among them. Human resources managers may also 
compare the individual mental models of the candidates with the mental models of the team 
leaders and/or task experts. If the human resources managers need to select just one person to 
join a team, they may evaluate the mental model of this person and compare it with the 
mental model of the team and with the mental model of the team leader/task expert. In both 
situations, human resources managers should prefer a person/people who have similar 
understanding about the general functioning of a team because this way it is likely to be 
easier to work with the other team members aligning their strategies and their working 
methods.  
Finally, this thesis offers an implication related to the performance evaluation system. 
In organizations, employees that work on the same teams should evaluate the performance of 
each other. Instead of a person being evaluated by the team leader, and by the peers that work 
with him/her in the same department, for instance, but that do not work on the same team, 
this person should be evaluated on his/her performance by the team leader and by the 
teammates of all the teams in which he/she participated. This strategy may reduce the 
tendency of some people to be individualist and may reduce free-riding. If a person knows 
that in the end of the team lifecycle is evaluated by the people that worked directly with 
her/him, this person may make an extra effort to perform his/her tasks, and to perform them 
in the best way possible. Although in the end may still be difficult for external people to the 
team to identify who is responsible for what, employees know that their effort and 
contributions will be evaluated by their teammates. Thus, employees are likely to contribute 
to the team goals achievement, by avoiding disruptive interpersonal relations throughout the 
team lifecycle, engaging in functional interpersonal and behavioral processes, and performing 
the tasks successfully.   
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LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH 
 
An important limitation of this thesis refers to the use of a management and strategy 
simulation in all the studies because the findings may not be generalizable to “real” world 
teams. Although the task was artificial, the teams worked together for more than five weeks 
(before the 5-weeks simulation teams worked together for a week to be familiarized with the 
simulation, materials, decision sheets, and team members). In order to run the company, 
making the best decisions possible, team members need to deal with complex-decision 
problems, and focus on multiple indicators to accomplish specific objectives while they were 
pressured by time. Therefore, the work environment of these artificial teams was similar to 
the ones of real teams in authentic organizations. However, it would be valuable to conduct a 
number of studies with real teams in order to understand whether the effects of shared mental 
models and shared temporal cognitions on team processes and on team effectiveness are 
stronger or weaker than with artificial teams.  
It could be expected that the effects may even be stronger in organizational teams, as 
in the field the shared mental models and shared temporal cognitions have really been 
engrained in people over longer periods of time. Thus, future studies should measure shared 
mental models and shared temporal cognitions in teams performing in organizations. 
However, in particular for shared mental models, this can be not easily tested with the 
existing measures because these need to be developed specifically for each context. In order 
to measure shared mental models in organizations, a two-stage process may be needed: first, 
using interviews with subject matter experts for identifying aspects that are important within 
the organization, and second asking people to relate the main aspects (as we did in the studies 
reported in this thesis). As the structural network technique is complex and time-consuming 
for team members, the way similarity of shared mental models is captured could be 
simplified by asking people to rank the aspects in order of importance (using an importance 
rating technique) or by asking people to ranking the aspects from the highest to the lowest 
priority (using a priority ranking technique). A different possibility to measure shared mental 
models is through a textual analysis technique called map analysis (Carley, 1997). Using this 
technique, the similarity of shared mental models can be assessed from written text, by the 
extraction of concepts and relationships in order to determine “whether the text’s authors are 
just using the same words or are actually exhibiting shared meaning” (Carley, 1997, p. 537). 
Further, the accuracy of mental models can be assessed comparing written text from 
managers or leaders and team members.  
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In the study reported in Chapter 3 shared mental models were assessed through a 
perceptual measure. Although this technique does not allow the evaluation of shared mental 
models similarity, it can be useful to measure shared mental models in contexts were it is 
difficult to measure them through structural network measures. Nevertheless, the four-items 
scale used in study 2 may be insufficient to measure all the knowledge contents of shared 
mental models, and may contain different ideas in the same items. For instance, item 2 
contains information about the team members’ responsibilities, interdependent roles, and 
communication patterns, which refer to three different aspects of teamwork (“In my team, the 
team members have a similar understanding of each other’s responsibilities, interdependent 
roles and communication patterns”). Therefore, in the future, a more valid shared mental 
model measure that can be used in different contexts without the need to adapt the items 
should be developed. A shared mental model measure could cover all the knowledge contents 
identified by Cannon-Bowers and colleagues (1993) that were merged into team and task 
domains by Mathieu and colleagues (2000). For instance, three items could be developed to 
measure the three aspects mentioned above (responsibilities, interdependent roles, and 
communication patterns). This shared mental model measure could not include the 
knowledge about the temporal aspects of teamwork as the shared temporal cognition measure 
already assesses this aspect through a perceptual technique. A perceptual shared mental 
model measure can be easily filled in by team members from different contexts, and the 
feedback can be provided quickly to team members and to team leaders.  
The main objective of this thesis was to analyze the effect of shared mental models 
and shared temporal cognitions on team effectiveness over time. Although in the studies 
reported in this thesis the variables were measured in different time moments, only study 
reported in Chapter 6 is a longitudinal one. In the study reported in Chapter 2 shared mental 
models were measured at two time points and their evolution was assessed. However, with 
only two measurement points it is not possible to assess the shared mental models trajectory 
because in order to assess and predict between-team variations in performance trajectories, 
and to conduct longitudinal analysis, at least three data points in time are required (Chan, 
1998; Pitariu & Ployhart, 2010; Ployhart & Vandenberg, 2010). The other studies measured 
the variables at different points in time throughout the simulation, acknowledging “the 
importance of temporality while only examining differences between teams at different 
points in time” (Coultas, Driskell, Burke, & Salas, 2014., p. 687). Thus, the findings do not 
allow the understanding of “what happens in teams” (Roe et al., 2012) and “when things 
happen” (Sonnentag, 2012) because the same variables were not analyzed repeatedly over 
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time. Future studies should analyze teams in a longitudinal way, in order to analyze true 
causal relationships, specify the phenomena’s beginning, ending, duration, and their 
trajectory (Roe et al., 2012; Sonnentag, 2012).  
Another limitation in this thesis, and related to the previous one, is that the evolution 
of shared mental models and shared temporal cognitions was not assessed. This is definitely a 
missing topic in particular in shared mental models research. Although a number of 
researchers postulate that team members’ mental models become more similar over time, 
empirical research shows that they do not become more similar over time (Levesque et al., 
2001; Mathieu et al., 2000). Future studies should analyze “what happens” with shared 
mental models analyzing how “they unfold over time, looking at their dynamic features 
(onset-offset, duration, and patterns or trajectories) and their dynamic interrelations” (Roe et 
al., 2012, p. 639). Future research should also analyze which variables foster and inhibit the 
evolution of shared mental models. Importantly, as to develop a shared understanding among 
team members about the teamwork, taskwork, and temporal aspects of work is not easy and 
requires time (Cannon-Bowers et al., 1993; Levesque et al., 2001), there may be a crucial 
factor – training – that fosters the development of shared mental models over time. Shared 
mental models training could provide team members from different contexts with 
mechanisms that help them to develop an understanding about the task they need to perform 
and the environment in a rapid and accurate way (Cannon-Bowers et al., 1993). Shared 
mental models training may be based on the mind mapping intervention mentioned above 
(Rentsch et al., 2010). In the future, experimental studies that analyze the effect of shared 
mental models training (vs. control group) on shared mental models development over time 
and on performance should be conducted.  
In this thesis the structural network metric was used to assess the shared mental 
models; however, social network analysis was not used to identify, describe, and explain 
different types of structures and relationships among individual team members’ mental 
models (Slaughter, Yu, & Koehly, 2009). The approach used in this thesis looks at the overall 
similarity within the team and does not distinguish between the relationship among the team 
members. Future studies should analyze shared mental models from a social network analysis 
perspective in order to understand in what extent the team members share a similar and 
accurate mental model. This technique can be used not only to analyze how the individual 
mental models are related. For instance, it may be important that two team members that are 
very interdependent have more similar mental models than two members that do not rely so 
strongly on each other. Social network analysis can be also used to analyze, for instance, the 
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structure of intragroup conflict and team leadership among team members. In the future, 
researchers should analyze who is the most important member who is connected to the rest of 
the individual team members (i.e., the network), and who is the most popular team member, 
and who is the most distant (or close) team member from others in the network (Contractor & 
Su, 2012; Espinosa & Clark, 2014; Slaughter et al., 2009). These measures allow researchers 
to understand, for instance, who is (are) the most influential team member(s) to the 
development of a shared mental model, who has (have) the most distinct way of thinking 
about important aspects of teamwork, who is (are) involved in conflicting situations and with 
whom, and whether the formal team leader is indeed the most important and influential 
person of the team. Further, social network analysis allows researchers to examine whether 
there are subgroups among the team that may negatively influence shared mental models 
development or team performance. 
A last limitation of this thesis refers to absence of studies that integrate different 
cognitive constructs. Future studies should analyze how different cognitive constructs, such 
as shared mental models, shared temporal cognitions, transactive memory systems and 
situation awareness, are interrelated and how they influence team processes and performance. 
The surgical team example in the first chapter of this thesis shows that a team may develop 
multiple cognitive constructs; however, studies that analyze how these multiple constructs 
interact and influence team functioning is scarce (DeChurch & Mesmer-Magnus, 2010; 
Guchait, 2016; Salas & Wildman, 2009; Wildman et al., 2012). The interaction of shared 
mental models and transactive memory systems is particularly important because the former 
focuses on the similarity of knowledge and the later on the distribution of knowledge among 
team members. It is important understand how they interact over time, and when, throughout 
the team lifecycle, one is more important than other. As Wildman and colleagues (2012) 
speculate “perhaps shared mental models and transactive memory are causally related, and as 
specialization of knowledge increases, the sharedness of mental models decreases, or vice-
versa” (p. 104). Thus, shared mental models may be more important in the beginning of the 
team lifecycle than transactive memory system, because team members need to be on the 
same page when they start. Then, as team members focus on and deepen their own 
specialization, the transactive memory system may be more than shared mental models to 









A shared understanding about the task, team, and temporal aspects of teamwork is 
important for teams performing intellectual and cognitive complex tasks under time pressure. 
The research reported in this thesis aimed to understand the effects of shared mental models 
and shared temporal cognitions on team processes and team effectiveness over time. The 
results of the studies reported in this thesis indicate that in order to ensure that a team is 
effective, team members need to have a similar and correct understanding about the 
taskwork, team interaction, and temporal aspects of work, which help them to avoid 
dysfunctional interpersonal relations and to engage in functional team processes, and in turn 
to achieve the team goals over the team lifecycle. Importantly, team leaders may help the 
team members to temporally coordinate their work, and to avoid temporal conflict, by 
employing temporal leadership behaviors. Nevertheless, when team temporal leadership is 
weak or absent, team members may make use of shared temporal cognitions to avoid 















The European Commission has recognized “the development of competences, creative 
and autonomous workers and teamwork” as important assets for both social and economic 
performance of organizations (Bütikofer, 2013). Recently, in a report that focuses on the 
creation of a competitive European Union labor market for the 21st century, the European 
Commission suggests that “investing in education and in developing skills that respond to the 
demands of the labor market and society is essential for growth and competitiveness … [and], 
that entrepreneurship requires the development of transversal skills such as creativity, critical 
thinking, teamwork and a sense of initiative which contribute to young people’s personal and 
professional development” (Dlabajová, 2015). 
Sustainability and competitiveness depend not only on macroeconomic policies; they 
also depend on organizational policies and on the dynamics established between individuals, 
teams, leaders, clients and suppliers that influence organizational performance. Thus, in order 
to promote the sustainable development of companies and organizations, it is crucial to also 
understand these micro foundations of organizational competitiveness. This thesis aims to 
contribute to organizational development by focusing on the team level – as organizations 
increasingly rely on teams to accomplish complex, demanding, and changing tasks.  
Teams have a high capacity to process, store, and use information which makes them 
particularly suitable to solve problems and make multiple decisions efficiently and in a short 
period of time. The research reported in this thesis shows that teams achieve their goals 
efficiently when team members have shared mental models and shared temporal cognitions – 
a common understanding about the important task, team, and temporal aspects of work. This 
means that team members know what needs to be done, who does what, and when they need 
to do something. Shared mental models and shared temporal cognitions not only enhance 
team effectiveness, but they also facilitate important team processes. Shared mental models 
and shared temporal cognitions, as a cognitive component of teamwork, influence an 
affective component of team performance by reducing intragroup conflict, and a behavioral 
component by facilitating team learning behaviors, thereby enabling team members to 
improve their decision making performance. The findings of this thesis contribute to our 
understanding of the biggest threat in organizational teams – “the lack of clarity in roles and 
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responsibilities – who does what, when, why and with whom” (Salas, personal 
communication, August 18, 2013). 
Teamwork comes with a number of challenges both for team members and leaders. 
Team leaders need to motivate and coach their team members to collectively engage in goal 
directed behaviors. Team members have to be able to motivate themselves to work towards 
team goals, to and engage in productive relations with their teammates (i.e., without engage 
in conflicts), and to communicate and coordinate their work effectively. Hence it is pivotal to 
invest in teamwork skills to ensure that people are able to effectively work together and 
achieve the desired goals. The results of this thesis suggest that people need to be provided 
with teamwork skills at an early stage in their academic and/or professional live and 
throughout their professional career. Importantly, schools, universities, and organizations 
need to teach their students and employees teamwork skills and competencies, and provide 
them with strategies that can help them to develop shared mental models and shared temporal 
cognitions. By showing why and how teams function well and achieve their goals, the results 
of this thesis translate into social and economic value and are of interest to people responsible 
for the curricula offered in schools and universities, and of team-based organizations. 
Schools and universities should include a number of transversal skills in their 
curricula, such as teamwork, conflict management, leadership, as these are increasingly 
important in their social and professional live. In the majority of jobs in our contemporary 
society, people work in teams, or at least in work groups, and it therefore is important that 
they have a thorough understanding of the behaviors and communication that facilitate 
effective cooperation and coordination. As a good example of teaching transversal skills, at 
Instituto Universitário de Lisboa (ISCTE-IUL) and Maastricht University students have the 
opportunity to enroll in courses about teamwork, conflict management, communication, and 
multiculturalism. Teaching those skills from an early stage in people’s lives contributes not 
only to their personal development and to responsible behavior in society, but also to their 
professional career. Training programs and/or courses in transversal skills should provide 
students with information about teamwork (including, for instance, team cognition, 
coordination, communication, learning, and conflict management) that they can learn as well 
as transfer and apply in their live and in their future work environment. These programs and 
courses should provide students the opportunity to practice the skills and competencies 
learned while being supervised by the instructors and teachers who can give feedback to 
students.   
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Teams are important in various contexts and team functioning has consequences not 
only for team members and team leaders, but also for organizations, costumers and patients, 
and even for society. In project teams, when a team does not work well, makes many 
mistakes and fails to achieve its goals, the client’s needs will not be satisfied. As a result, the 
team’s organization may lose the client and may see its reputation decrease. Individual team 
members may be penalized for their bad performance. When emergency teams, such as 
firefighters and rescue teams, malfunction, this may lead to dramatic consequences, including 
material damage and casualties. In healthcare contexts, medical errors may lead to patients’ 
deaths and permanent disabilities, which has consequences for the patients and their families, 
professionals’ careers, reputation of hospitals and professionals. Medical errors also have 
high financial consequences for hospitals.  
 A well-functioning team is not only beneficial for social reasons – for the 
interpersonal relations among people who live in society, and among team members who 
work together – but also for economic reasons. Teams that work well make less or no 
mistakes, are more productive and efficient, which increases organizational success and 
decreases organizational costs. As the findings of the research reported in this thesis show, 
teams are effective when they have shared mental models and shared temporal cognitions 
leading them to avoid conflicts, be creative, and learn from each other. Thus, when team 
members work well together it is more likely that the team achieves its goals, which enables 
the organization to diminish its costs and increase profits, become more competitive and 
sustainable. Therefore, employees need to develop knowledge and skills related to effective 
teamwork not only during their academic live, but also throughout their working life, 
reinforcing them on a daily-basis while they are working. If employees start to work in a 
team without having developed the skills needed to do so effectively, the team is likely to 
fail. In fact, sometimes breakdowns in teams result not from failure in technical skills, but 
from failure in interpersonal, teamwork, and inter-team skills. 
Based on the findings of this thesis, training programs may be developed for 
professionals, both team members and team leaders, regarding shared mental models, conflict 
management, team learning and time management. A training program about temporal 
leadership may be offered in particular to team leaders in order to instruct them regarding 
optimal ways to help team members prioritize their tasks, to understand when they need to 
start to work on a task and when they need to finish it by communicating the temporal aspects 
of work to team members and monitoring them over time. Importantly, team members and 
leaders should be trained as a team, and in the context in which the team operates; and the 
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training needs to be tailored for the specific team and the individuals that compose that team. 
Teams are different from each other as each team has its own needs and problems. In training 
programs tailored for a specific team it is possible to develop and promote the aspects that are 
not well accomplished by team members (i.e., the team weaknesses). These customized 
training programs allow instructors to help team and team members to deal with their specific 
problems because “the same pill does not cure everyone diseases”. Team leaders should 
participate in the training programs with all team members as they facilitate the transfer and 
usage of the knowledge and competencies learned and practiced in the work context. These 
programs should also give to employees the opportunity to practice the skills and 
competencies being supervised by the instructors.  
The findings of this thesis suggest that a shared understanding about the important 
aspects of work among team members established at the beginning of the team lifecycle 
facilitates a fruitful team functioning. Thus, in order to improve team effectiveness and in 
turn contribute to organizational competitiveness and sustainability, team members and team 
leaders should participate in planning sessions before the team starts to work. Importantly, 
these planning sessions used to define, for instance, goals, roles, and responsibilities, need to 
occur whenever a team starts to work in a new project, even for ongoing teams. Teams should 
not fall into the trap of starting to work in a new project without discussing and clarifying the 
main goals of the team, who is responsible for what, what are the main competences and 
preferences of each team member, how much time they have to work on the tasks, and when 
the deadlines are.  
Planning sessions can be used to facilitate the development of shared mental models 
in teams. Teams, for instance, can be instructed to collectively create a mind map on paper or 
on a white board, by connecting the main actions team members need to do and the main 
information they need to get in order to accomplish the team task. The mind mapping should 
be visible to all the team members to enable them to adjust their own understanding to that of 
other team members and adapt their actions accordingly. Importantly, as the findings of this 
thesis show, shared mental models need to be accurate. Therefore, team leaders task experts 
or clients should be involved in the mind mapping discussion as much as possible to verify 
the extent to which the team’s mind map matches an external source. If this is not possible, 
team leaders and task experts could check and validate the mind map later and discuss their 
ideas and suggestions for improvement with the team afterwards. Planning sessions may be 
time-consuming at the beginning of the team lifecycle, but they help the team to focus on the 
task, reach team goals, and meet deadlines.  
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The findings of this thesis show that teams benefit from discussing their working 
methods, reflecting about what they have accomplished or not, and analyzing errors they 
might have made in order to avoid them in the future. Besides from team learning behaviors 
in which teams engage while they are working on the tasks, teams may benefit from 
participating in debriefing sessions after a team work experience or after the accomplishment 
of a sub-task. Debriefings are sessions in which team members reflect about a previous and 
recent experience, discuss the way they worked, identify what they learned, discuss 
opportunities to improve their work, and plan future tasks or work experiences. Debriefings 
may be conducted repeatedly over the team lifecycle, or at pre-scheduled moments. 
Debriefings can improve team effectiveness by providing team members with teamwork 
skills and competencies, which can improve team performance. In fact, debriefings have been 
shown to improve team performance by 20-25%, on average (Tannenbaum et al., 2013). 
Further, compared with team training, debriefings are less time-consuming because they last 
thirty minutes or less, and are less expensive to organizations because only team members 
and team leaders participate in the debriefing sessions. So, organizations do not need to spend 
money on hiring a trainer or instructor to manage the sessions. Debriefings can be used to 
help team members and team leaders to deal with interpersonal conflicts, to develop shared 
mental models, and to learn from each other. In sum, debriefings aim to provide teams with 
time to reflect, which can help them to increase their performance in subsequent performance 
episodes.  
The training sessions, planning sessions, and debriefings that can benefit from the 
findings of this thesis are innovative because they are focused on a, sometimes, neglected 
level in organizations – the team level. Most of the time, managers, leaders and human 
resources professionals focus on the individual or organizational level. However, increasingly 
work is done in teams. What is more, the interventions based on the findings of this thesis are 
innovative because they are aimed at training team members as a collective in the context 
where they operate, rather than training people individually. By training a team together, 
team members have the opportunity to practice the competencies and skills in loco with each 
other.  
Teamwork and team effectiveness is a complex and challenging topic in 
organizational behavior. The findings of this thesis show that a shared understanding about 
the central aspects of the team’s work is important not only for team effectiveness, but also 
for team processes by reducing intragroup conflict and facilitating team learning. 
Importantly, this research can lead to the production of useful, effective, and implementable 
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training programs and interventions that can help teams to be effective, and organizations to 
be competitive and sustainable, which has social and economic value. Therefore, team 
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APPENDIX A – SCALES USED IN THE STUDY REPORTED IN CHAPTER 2 
 
Team mental models scale 
 
Task dimension 
1. My team identifies the key-aspects involved in the decision-making; My team 
ensures that everyone clearly understands our goals 
2. My team identifies the key-aspects involved in the decision-making; Team decisions 
are based on the overall strategy defined for the competition 
3. My team identifies the key-aspects involved in the decision-making; My team is 
extremely effective 
4. My team ensures that everyone clearly understands our goals; Team decisions are 
based on the overall strategy defined for the competition 
5. My team ensures that everyone clearly understands our goals; My team is extremely 
effective 
6. Team decisions are based on the overall strategy defined for the competition; My 
team is extremely effective 
 
Team dimension 
1. Team members work well together; Team members communicate openly with each 
other 
2. Team members work well together; Team members trust each other 
3. Team members work well together; My team is extremely effective 
4. Team members communicate openly with each other; Team members trust each 
other 
5. Team members communicate openly with each other; My team is extremely effective 
6. Team members trust each other; My team is extremely effective 
 
Relationship conflict scale items (Adapted from Jehn, 1995) 
1. How much friction is there among members in your team? 
2. How much are personality conflicts evident in your team? 
3. How much tension is there among members in your team? 
4. How much emotional conflict is there among members in your team? 
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Team viability scale items (Adapted from Bayazit & Mannix, 2003) 
1. If I could have left this team and worked with another team, I would have. (reverse-
worded) 
2. I wouldn’t hesitate to participate on another task with the same team members. 
3. If given the choice, I would prefer to work with another team rather than this on. 
(reverse-worded) 
 
Satisfaction item (Adapted from Spector, 1997) 
1. How much you are satisfied with all the aspects of your participation in the team. 
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APPENDIX B – SCALES USED IN THE STUDY REPORTED IN CHAPTER 3 
 
Shared mental models scale (based on Cannon Bowers and colleagues, 1993) 
1. In my team, the team members have a similar understanding about the procedures, 
strategies and contingency plans involved in decision making. 
2. In my team, the team members have a similar understanding of each other’s 
responsibilities, interdependent roles, and communication patterns. 
3. In my team, the team members have a similar understanding about the technology, 
resources, and tools needed to make decisions. 
4. In my team, the team members are familiar with the preferences and abilities of each 
other. 
 
Relationship conflict (Adapted from Jehn, 1995) 
1. How much friction is there among members in your team? 
2. How much are personality conflicts evident in your team? 
3. How much tension is there among members in your team? 
4. How much emotional conflict is there among members in your team? 
 
Task conflict (Adapted from Jehn, 1995) 
1. How often do people in your team disagree about opinions regarding the work being 
done? 
2. How often are there conflicts about ideas in your team? 
3. How often are there differences of opinion in your team? 
4. How often are there disagreements within you team about the task you are working 
on? 
 
Process conflict (Adapted from Jehn, 1997) 
1. How often are there disagreements about resource allocation in your team? 
2. How often is there conflict in your team about task responsibilities? 
3. How often are there disagreements about the way to complete a certain task? 
4. How often are there disagreements about who should do what in your team? 
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Temporal conflict (Adapted from Yang, 2009) 
1. To what extent do team members disagree about time allocation in your work team 
(how much time to spend on tasks)? 
2. To what extent is there conflict about how you should pace task activities in your 
team? 
3. To what extent are there disagreements about how long to spend on specific tasks in 
your team? 
 
Creativity (Adapted from DiLiello and colleagues, 2011). 
Self-perceived creativity 
1. I feel that I am good at generating novel ideas. 
2. I have confidence in my ability to solve problems creatively. 
3. I have a knack for further developing the ideas of others. 
4. I am good at finding creative ways to solve problems.  
5. I have the talent and skills to do well in my work. 
Creative self-efficacy  
1. I feel comfortable trying out new ideas. 
2. I have opportunities to use my creative skills and abilities at work. 
3. I am invited to submit ideas for improvements in the workplace. 
4. I have the opportunity to participate on team(s). 
5. I have the freedom to decide how my job tasks get done. 
6. My creative abilities are used to my full potential at work. 
 
Team Satisfaction (Adapted from Spector, 1997) 
How satisfied are you with… 
1. your team? 
2. the functioning of your team? 
3. your participation in the simulation? 
4. the decisions made by your team? 
5. communication among your team members? 
6. the performance of the team leader? 
7. the strategy of your team? 
the interpersonal relationships among the team members?  
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APPENDIX C – SCALES USED IN THE STUDY REPORTED IN CHAPTER 5 
 
Temporal mental model scale  
1. Allocate the time available for each activity; Agreement about time needed to make 
decisions 
2. Allocate the time available for each activity; Planning the work that each team 
member needs to perform 
3. Allocate the time available for each activity; Establishment of a plan of week 
activities 
4. Agreement about time needed to make decisions; Planning the work that each team 
member needs to perform 
5. Agreement about time needed to make decisions; Establishment of a plan of week 
activities 
6. Planning the work that each team member needs to perform; Establishment of a plan 
of week activities 
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APPENDIX D – SCALES USED IN THE STUDY REPORTED IN CHAPTER 6 
 
Shared mental model scale 
 
Task dimension 
1. Clear understanding of team objectives; Team members understanding regarding the 
strategy to make decisions 
2. Clear understanding of team objectives; Clear understanding about management 
reports and their implications to make decisions 
3. Clear understanding of team objectives; Identical interpretation of information about 
the Company and the Market 
4. Team members understanding regarding the strategy to make decisions; Clear 
understanding about management reports and their implications to make decisions 
5. Team members understanding regarding the strategy to make decisions; Identical 
interpretation of information about the Company and the Market 
6. Clear understanding about management reports and their implications to make 
decisions; Identical interpretation of information about the Company and the Market 
 
Team dimension 
1. Communicate openly with each other; Trust in each other 
2. Communicate openly with each other; Mutual support to perform tasks 
3. Communicate openly with each other; Work well together 
4. Trust in each other; Mutual support to perform tasks 
5. Trust in each other; Work well together 
6. Mutual support to perform tasks; Work well together 
 
Temporal dimension 
1. Allocate the time available for each activity; Agreement about time needed to make 
decisions 
2. Allocate the time available for each activity; Planning the work that each team 
member needs to perform 
3. Allocate the time available for each activity; Establishment of a plan of week 
activities 
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4. Agreement about time needed to make decisions; Planning the work that each team 
member needs to perform 
5. Agreement about time needed to make decisions; Establishment of a plan of week 
activities 
6. Planning the work that each team member needs to perform; Establishment of a plan 




   
 
 
 
